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Review of U.S. West Coast 
Commercial Shark Fisheries 


Introduction 


Commercial fishing operations di- 
rected toward various shark species have, 
in the past, been relatively short lived. A 
few shark fisheries, such as that for the 
spiny dogfish, Squalus acanthias , have 
been sustained over long periods. These 
fisheries generally produced minimum 
ex-vessel prices and fluctuating yields in 
a market with uncertain demand. Aggres- 
sive small-vessel fisheries grew on the 
U.S. west coast as new markets offering 
high yields and profits developed for 
shark meat. Responding to the new de- 
mand, these new fleets began landing 
large quantities of sharks. Elasmobranch 
fisheries such as the well-documented 
soupfin shark, Galeorhinus zyopterus , 
fisheries in the early 1940’s and the re- 





ABSTRACT—The economic history of 
elasmobranch fisheries generally indicates 
the need for a high catch per unit of effort 
because of fluctuating commercial value 
and market demand. Growth and repro- 
duction in most elasmobranch species are 
extremely slow, and as a result there is a 
close relationship between stock size and 
recruitment. Because of this relationship, 
only a small amount of that stock is avail- 
able to support a sustained fishery. The 
increased demand for shark as a food fish 
has put tremendous fishing pressure on 
some species. Two of these, the common 
thresher, Alopias vulpinus, and Pacific an- 
gel shark, Squatina californica, have not 
responded well to this increased pressure. 
Several other stocks appear healthy even 
though some warning signs of overfishing 
are appearing. The need for reduced fish- 
ing on some stocks and increased monitor- 
ing of catch for others is warranted. 
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cent decline of the drift gillnet (DGN) 
fishery for thresher shark, Alopius vulpi- 
nus, and the setnet fishery for Pacific 
angel shark, Squatina californica, in 
southern California are examples. 

Although sharks are vulnerable to a 
wide variety of fishing gears, the primary 
reason they are not able to support high- 
yield fisheries is their apparent inability 
to respond to increased fishing pressure. 
Unlike teleosts, most elasmobranch spe- 
cies have a low rate of reproduction, slow 
growth, and relatively late maturity. 
Consequently, any rapid increase in fish- 
ing mortality can lower the rate of re- 
cruitment to a very low level. These facts 
are well documented (Ripley, 1946; 
Holden, 1973, 1974, 1977). When re- 
cruitment falls below the ability to re- 
spond to increased fishing pressure, that 
population will decline until fishing ef- 
fort is reduced or the fishery collapses. 
Unfortunately, elasmobranchs are so vul- 
nerable to overexploitation by expanding 
fisheries that long-term depletion prob- 
lems may already exist before fishery 
managers are able to assess the problem 
with standard monitoring techniques and 
analysis. Notwithstanding the additional 
pressure from political and special inter- 
est groups, population declines for many 
of these stocks could continue for some 
time even if fishing effort were removed 
immediately. 


Background 


Before the 1970’s various species of 
shark were used commercially in the 
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United States for food, vitamin-rich liver 
oils, pet food, leather, as curios, and for 
reduction to protein and fertilizer. These 
products did not generate much demand 
and only commanded mediocre market 
prices. Shark demand as a food fish 
began to increase on the west coast dur- 
ing the middle-1970’s. Consumer re- 
sponse to this high protein, low fat meat 
was very good, and shark was finally ac- 
cepted as a nutritious and flavorful alter- 
native to red meat and the more tradi- 
tional seafoods as well. 

Ex-vessel prices for shark meat rose 
sharply in response to this consumer de- 
mand and several species of shark be- 
came important west coast fisheries. 
Thresher shark prices, for example, in- 
creased 500 percent between 1977 and 
1986. West coast fish buyers paid in- 
creased prices for dressed Pacific angel, 
soupfin, and shortfin mako, J/surus 
oxyrinchus , shark (called bonito shark 
locally). They were also test marketing 
white shark, Charcharodon carcharias ; 
salmon shark, Lamna ditropis; sevengill 
shark, Notorynchus maculatus; leopard 
shark, Triakis semifasciata; spiny dog- 
fish, and other shark species as well. 
Markets that formally sold shark only as 
“grayfish,” now advertised fresh shark at 
retail prices as high as $4 and $5 per 
pound. Commercial buyers were ship- 
ping fresh shark meat throughout the na- 
tion, and many prestigious restaurants 
featured shark meat in their specials and 
as the catch of the day. The growth in 
reported landings along the U.S. west 
coast over the past 12 years is shown in 
Table 1. 

The tremendous success of these shark 
fisheries raised concerns that some stocks 





Table 1.-Commercial U.S. west coast and Mexican shark landings, 1974-86. 
1984 1983 1982 1981 1980 1979 





Species 19861 1985 1978 1977 





1,139,250 1,237,810 
119,632 
2,356 
215,126 
33,312 


Pacific angel 

Bigeye thresher 
Blue 

Bonito 

Brown smoothhound 


633,250 
74,769 
3,940 
244,021 
8,091 


351,344 
106,507 
13,983 
322,953 
14,101 


317,953 
36,269 
57,838 

527,677 

5,263 


260,031 
10,542 
202,898 
275,830 
23,641 


110,022 
10,842 
192,130 
155,336 
5,783 


123,652 82,383 366 
83,966 
35,334 

2,440 


35,904 
27,436 
7,365 
Common thresher 1,215,165 
439 


1,528,766 
427 


1,662,587 
1,333 


1,757,353 
1,258 

120 

1,055 
485 


2,386,585 
1,328 


1,937,618 
771 
196 


1,806,002 
438 


302,073 
249 

103 
33,745 
273 


290 
202 
506 
197 


1,874 
363 


6,846 
613 


2,520 
7,541 


761 


2,286 8,465 1,156 
65,826 


237 


75,695 
640 


69,187 101,309 
10,923 
230 
1,735 
128 


70,666 49,380 40,085 34,956 22,267 
Pelagic thresher 
Salmon 2,252 2,016 
Sevengill 55 893 


Sixgill 4 


996 
2,041 


77 
282 
96 


545 
12 


3,415 
317 


84 
20 


Smooth hammerhead 
Soupfin 

Spiny dogfish 

Swell 

Unspecified 

White 


3,920 
243,661 
2,837,927 
20 


6,831 
558,280 
7,649,393 
222 
178,213 
6,102 


11,107,244 


44,481 
176,155 
5,398,532 


1,866 
249,070 
4,591,551 


2,259 
257,348 
4,831,846 


304 
221,840 
9,445,000 


1,860 
162,166 
5,813,147 


192,119 
7,141,280 
163 
1,158,219 
1,660 


42,017 
868 


193,317 
2,861 


6,500,620 


181,373 
634 


8,481,489 


273,721 
8,052 


8,541,837 


580,932 
42 


8,439,352 


840,956 
2,269 


11,551,740 


563,382 174,523 





U.S. total 10,823,862 6,812,685 229,958 


Mexico-Japan data 72,767 729,878 421,169 319,118 41,896 


Grand total 11,180,011 9,211,367 8,963,006 8,758,470 10,865,758 11,551,740 7,826,837 





Preliminary data. 


probably could not sustain directed fish- 
ing pressure. This was particularly evi- 
dent for the rapidly expanding effort di- 
rected at southern California thresher and 
angel shark fisheries. Complicating mat- 
ters was the fact that little information 
necessary for management purposes was 
known about many of these species. 
Some basic life history information was 
known, or inferred, from related species, 
but few data on stock size, distribution 
and range, migratory behavior, age at 
maturity, fecundity, and mortality were 
available for most of the shark species 
undergoing increased exploitation. Addi- 
tionally, the techniques for aging elasmo- 
branchs were not worked out for most 
species, although some progress was 
being made (Cailliet et al., 1983). 

In this paper, I review the current 
status of some of the more important 
shark fisheries along the west coast of the 
United States. Landings, fishing effort, 
and related biological and life history in- 
formation are discussed for each species 
taken in these fisheries. Shark fisheries 
from Alaska and Canada (except British 
Columbia’s spiny dogfish catch) have not 
been included in this review. General life 


history information included in the de- 
scriptions is summarized from Castro 
(1983) and Compagno (1984). 


Thresher Shark Fishery 


The fishery for thresher sharks is cen- 
tered off southern California, between 
San Diego and the Mendocino Escarp- 
ment, north and offshore of San Fran- 
cisco. Three species, the common 
thresher, Alopias vulpinus, the bigeye 
thresher, A. superciliosus, and the 
pelagic thresher, A. pelagicus, are 
caught in the fishery, although the com- 
mon thresher is the principal species. 

All three forms are considered highly 
migratory throughout the warm and tem- 
perate areas of the oceans. They feed on 
squid and small schooling fishes, includ- 
ing clupeoids, scombroids, and several 
types of bottomfish. Fishermen have re- 
cently reported common threshers taking 
significant numbers of salmon off the 
coasts of Oregon and Washington, al- 
though this has not been described as a 
major prey species of the thresher. Al- 
though there are some differences in 
feeding behavior, all three forms are 


known to use their long tail to stun their 
prey before eating them. Neither the 
magnitude of the population nor the dis- 
tribution of individual stocks is known. 
Stock structure is unknown and differ- 
ences in size at maturity and number of 
offspring suggest that Pacific common 
threshers may be isolated from those in 
the Indian Ocean. 

All three species are ovoviviparous. 
Females produce one litter each spring 
and mating occurs later that summer. 
Gestation lasts about 9 months. Litters 
usually consist of two, four, or six fully 
formed pups weighing 5-6 kg (12 
pounds) each. Using x-radiography to 
delineate the circuli on 143 common 
threshers collected off California, Cail- 
liet and Bedford (1983), prepared a von 
Bertalanffy growth curve. The growth 
curve indicated that females mature at 
about age 7 (390 cm total length), and 
males mature at about 5 years or about 
333 cm. The sex ratio of common thresh- 
ers from this population appears to be 
nearly equal, although sexually segre- 
gated schools do occur. Estimates of nat- 
ural mortality are assumed to be low 
since pups are born fully formed and both 
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the growth and reproduction rates are 
low. 

The fishery began as a minor operation 
with only about 15 vessels landing sharks 
primarily as a by-catch during more lu- 
crative fishing operations. The growth of 
the fishery was also stimulated by the 
valuable take of swordfish, Xiphias glad- 
ius , and a favorable ruling by the Califor- 
nia Fish and Game Commission (CFGC) 
to allow drift gillnet boats to land and sell 
swordfish. The ex-vessel price for com- 
mon thresher increased from $0.29/ 
pound in 1977 to $0.73/pound in 1980 
and reached $1.60/pound in 1986. The 
fleet grew to over 200 vessels by 1980, 
and entry into the fishery became limited 
by law (Bedford and Hagerman, 1983). 
Swordfish was now the primary target of 
the California DGN fleet. By 1985 the 
number of licensed vessels totaled 227 
with another 33 vessels holding permits 
to fish only north of Point Arguello, 
Calif. 

During the spring, the common 
thresher is the primary target of this fish- 
ery in the northern area. The bigeye 
thresher is also commonly landed. Big- 
eye threshers have soft-textured meat that 
tends to shrink while cooking and has 
met with only moderate success in the 
fresh-fish markets. Landings have in- 
creased in recent years due to better han- 
dling methods. The pelagic thresher is 
rarely taken in the catch because of its 
soft and bitter tasting meat and low abun- 
dance in productive fishing areas. 

Off southern California, highest catch 
rates occur in the spring. Fishing effort 
shifts to swordfish during the summer 
and fall months. Common threshers 
move into the Southern California Bight 
in the early spring for pupping and breed- 
ing. Large threshers appear to follow the 
warmwater isotherms northward into 
central and northern California areas, and 
good catches have been taken through 
August. Fishable stocks appear to be lim- 
ited to within about 75 n.mi. of shore, 
islands, seamounts, or shallow banks. 
The southern extension of the population 
is unknown because U.S. commercial 
fishing boats are not permitted within the 
Mexican Fishery Conservation Zone. 
Mexican-Japanese joint ventures have 
operated long-line vessels off Baja Cali- 
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Table 2.—Landings in the U.S. west coast thresher shark fishery, 1977-86. 
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1,974,037 


2,386,585 
1,707,256 
1,657,693 
1,528,766 

545,417 





fornia for many years. Although their pri- 
mary targets are tunas and billfishes, sub- 
stantial amounts of common and bigeye 
thresher sharks are reportedly landed. 
Catch statistics are not available for 
either species. 

Prior to 1986, landings north of the 
Mendocino Escarpment were few. The 
1982 and 1983 seasons were affected by 
a strong El Nino that caused warm waters 
to extend further north than normal. This 
warming condition may have caused a 
shift in the population centers of both the 
common and pelagic forms to the north. 
Oregon and Washington issued 3 experi- 
mental gillnet permits for thresher sharks 
in 1983 and 34 in 1984. Initial catches in 
1983 indicated availability of fish outside 
southern California and possible expan- 
sion of the fishery. Most common thresh- 
ers taken in 1983 were caught off central 
California, while bigeye and pelagic 
threshers were caught off southern Cali- 
fornia. Large catches in 1985 continued 
off central and southern California under 
normal conditions. 

CFGC regulations implemented in 
1986 were designed to reduce fishing 
mortality on the thresher shark popula- 
tions. Already a limited entry fishery, 
these additional regulations included 
time and area closures, reduced the num- 
ber of fishing days per season, and imple- 
mented new gear restrictions to 75 miles 
offshore. California vessels landed 
380,390 pounds of common thresher and 
38,079 pounds of bigeye thresher shark 
in this 30-day opening. At the end of this 
period, the fishery shifted to the north. 


Operating with experimental fishing per- 
mits these vessels produced good catches 
of common thresher off Oregon and 
Washington (Table 2). Under these per- 
mits (57 to Washington and 35 to Ore- 
gon) Oregon received 454,748 pounds 
from 33 vessels and 21 vessels landed 
200,000 pounds in Washington’s coastal 
ports. An additional 173,000 pounds 
were landed in California during the 1986 
swordfish season. 

The dressed weight of fish taken in 
these northern ports was in excess of 210 
pounds, compared with the average of 
only 40 pounds for those taken off south- 
ern California. The sex ratio for these 
threshers was nearly even off California 
but catches off Oregon and Washington 
were mostly large males (Brian Culver, 
Wash. Dep. Fish. Personal commun., 
March 1986). 

Although considered highly migra- 
tory, catch data indicate common thresh- 
ers may have local population centers 
that move along the coast in relation to 
various environmental conditions. A tag- 
ging program to describe these move- 
ments is currently being conducted by the 
California Department of Fish and Game 
(CDFG), although results are not yet 
available. There is evidence in the litera- 
ture (Compagno, 1984) of sexually seg- 
regated movements, and landing receipts 
of the current west coast fishery indicate 
threshers caught off Oregon and Wash- 
ington were nearly all adult male. Such 
movements in other shark species tend to 
occur near the range limits of the popula- 
tion. This information along with the ap- 





parent shift of population centers during 
the 1982-1983 El Nifio event suggests 
that this population, as a fishery stock, is 
not widely distributed but may be more 
geographically limited than previously 
thought. 

Common thresher landings in Califor- 
nia peaked in 1982 and they have de- 
clined since. Catch per unit of effort 
(CPUE) has decreased since the 1982 
season (Bedford, 1985). Further evi- 
dence that the stocks are not able to sup- 
port the current level of exploitation 
comes from the length-frequency data 
collected by the CDFG. These data show 
a steady decline in total length from 1981 
to the present and that the number of 
subadult threshers has been significantly 
reduced off California. The catch off Or- 
egon and Washington is dominated by 
large adults and has not included 
subadults to any extent. 

From available evidence it is clear that 
the local thresher shark population is not 
large and that immigration from adjacent 
waters is not sufficient to sustain the cur- 
rent fishing pressure. This was first spec- 
ulated by Hanan (1984). The fishery has 
been in a steady decline since 1983 and 
the CDFG has decided that “the Califor- 
nia drift gill net shark fishery may be in 
precarious condition” (Bedford, 1985); 
the causes of that condition are discussed 
by Bedford (1987). 


Pacific Angel Shark Fishery 


The fishery for the Pacific angel shark, 
Squatina californica , started in 1978 as 
an offshoot of the very successful Pacific 
halibut, Hippoglossus stenolepis , setnet 
fishery near Santa Barbara, Calif. This 
fishery is currently undergoing tremen- 
dous growth similar to that of the local 
thresher shark fishery. This small- to 
medium-sized, bottom dwelling shark is 
reported to occur in shallow coastal 
waters from Alaska to Baja California. It 
is the only species of the family Squa- 
tinidae in the north Pacific and is reported 
to be extremely abundant around Santa 
Barbara and the California Channel Is- 
lands. 

The angel shark is a nocturnal fish, 
foraging at night for bottom and epiben- 
thic fishes and squid. It is relatively inac- 
tive during the day, resting on the bottom 


sand or mud with only its eyes and back 
exposed. Angel sharks tagged with ultra- 
sonic transmitters at Santa Catalina Is- 
land (Isthmus Cove) exhibited maximum 
activity periods at dusk and at midnight 
(Standora and Nelson, 1978). Tagging 
also showed that angel sharks have a 
home range and will return to the same 
general area after a night of foraging. 
More recent tag return data further sup- 
port the home range concept, but also 
indicate that some angel sharks circum- 
navigate the local islands and can move 
across the Santa Barbara Channel from 
the mainland to the Channel Islands 
(John Richards, Sea Grant Marine Ad- 
viser, Goleta, Calif. Personal commun., 
Feb. 1986). Seasonal changes in the pop- 
ulation centers have not been shown in 
the local areas, although Standora and 
Nelson (1978) suggest that angel sharks 
are more plentiful in June and July than in 
the winter months. 

The life history and distribution of the 
angel shark may be the least known of 
any of the sharks supporting a major west 
coast fishery. Reproduction is ovovivi- 
parous, but has not been described in the 
literature for this species. Both male and 
female angel sharks mature at about 90 to 
100 cm. Females have a gestation period 
of 10 months and bear an average of six 
fully formed young per litter, each aver- 
aging 255 mm long (Natanson 1984). 
Parturition occurs from March through 
June, followed by mating. Determination 
of growth rates and age has so far been 
impossible with standard methods. Angel 
sharks are born with 6-7 growth bands in 
their vertebrae, and apparently one or 
more growth bands are laid per year in a 
manner not fully understood. Natanson 
(1984) believes the rate of band deposi- 
tion is related to somatic growth rather 
than annual, seasonal, or lunar cycles. 
The whole process may be complicated 
by major physiological events and possi- 
bly prolonged gestation (Cailliet et al., 
1983). 

The fishery began expanding after ini- 
tial development and marketing problems 
were worked out in 1976. The major por- 
tion of this fishery occurs in and around 
Santa Barbara and the Channel Islands. 
The greatest catch is taken in waters <20 
m deep and within | mile from shore 


(Collins et al., 1984; Collins et al., 
1985). The angel shark fishery has not 
spread north of Point Conception and 
only incidental landings have occurred in 
Oregon and Washington. Prior to 1982 
only 6-8 California vessels fished for 
angel sharks. Fishing effort increased in 
1982 as the El Nifo caused the northern 
displacement of other preferred species. 
California landings jumped to 317,000 
pounds in 1982, doubled by 1984, and 
reached 1.3 million pounds in 1985. Ex- 
vessel prices paid to fishermen rose from 
$0.15/pound in 1978 to $0.45 in 1984. 
Landings of 1.1 million pounds in 1986 
marked the first decline in catch since the 
fishery began expanding. 

The CPUE estimates are only prelimi- 
nary at this time but do not appear to be 
decreasing. The length-frequency of ob- 
served catch has just begun to show signs 
of decreasing. The future of this fishery 
is very much in question. There are no 
published growth rates or longevity esti- 
mates for this species. Little is known of 
the angel shark’s distribution north or 
south of the Channel Islands where fish- 
ing pressure is greatest. There is no infor- 
mation to suggest that fishable quantities 
of angel sharks exist very far to the north 
or south of the Channel Islands or that 
immigration from surrounding areas is 
occurring. The few facts that are known 
suggest angel sharks are vulnerable to di- 
rected fisheries. 

Currently there are no regulations for 
the angel shark fishery other than general 
state and county regulations for all set net 
use. The CDFG has proposed new regu- 
lations that will limit the size and style of 
nets used, times and areas fished, and 
size limits for small fish. This fishery 
warrants close scrutiny and possible pre- 
cautionary action to forestall what some 
fishery biologists see as an almost un- 
avoidable overexploitation of the local 
angel shark population. 


Shortfin Mako or 
Bonito Shark Fishery 


The shortfin mako, /surus oxyrinchus , 
is known locally as the bonito shark. It is 
taken as a welcome by-catch by Califor- 
nia drift gillnet vessels. Like several 
members of the family Lamnidae, the 
bonito shark is found in all tropical and 
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temperate oceans and in both coastal and 
open ocean habitats. They are highly mi- 
gratory and are considered one of the 
fastest and most active predators. Both 
adults and juveniles are abundant off 
California and Baja California in the 
summer months. 

Reproduction is ovoviviparous with 2- 
10 pups per litter. Gestation is about 1 
year, with parturition occurring in late 
spring. Pratt and Casey (1983) used sil- 
ver nitrate to delineate the circuli in the 
vertebra to construct a von Bertalanffy 
growth curve for 109 Atlantic-caught 
shortfin mako sharks. They determined 
that the age of maturity was 2 years for 
males and 6 years for females. The 
growth rate of males and females was 
similar although females grew larger. 
There are no mortality estimates (natural 
or fishing) for this species. The size in the 
catch is small (the average is 9-14 kg, 
dressed), but the length-frequency profile 
has not declined. Few landings have been 
reported north of California (only 10 per- 
cent in 1983 and none in 1984). 

The bonito shark has good quality 
meat and is the object of long-line fish- 
eries throughout the world. The Califor- 
nia catch is almost entirely composed of 
juveniles taken in the drift gill net fishery 
for thresher sharks and swordfish. These 
small bonito sharks bring a wholesale 
price of $0.75-$1.25/pound. 

Many southern California anglers con- 
sider the bonito shark a prime game fish 
because the fish fights and jumps when 
hooked. Shark derbies have become in- 
creasingly popular in recent years and if 
the trend continues, these catches may 
contribute significantly to overall land- 
ings. 

Catch rates, length frequency, and es- 
timates of CPUE provide little informa- 
tion on the magnitude, structure or distri- 
bution of the bonito shark stock(s). 
Estimates of CPUE are not reliable be- 
cause the bonito shark is an incidental 
rather than a target species. Catch rates 
increased dramatically in 1980, peaked 
in 1982, and declined over the following 
three seasons. Although this decline in 
catch may indicate the first signs of over- 
fishing, it may also have been caused by 
a change in fishing strategy aimed at 
thresher sharks or even a result of a pop- 
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ulation shift brought on by the 1982 El 
Nifio Landings were back to normal in 
1986, length-frequency data have not 
changed, and there is no evidence that 
this stock has been significantly altered 
by current fishing pressure. 

This fishery should continue to be 
monitored until there are sufficient data 
to assess the strength of the stock(s). De- 
clines could occur if increased fishing ef- 
fort were directed at the bonito shark, 
especially adults, or if stocks are smaller 
than expected. 


Soupfin Shark Fishery 


The soupfin shark, Galeorhinus 
galeus , has a long history of involvement 
in commercial fisheries. In addition to 
the west coast fishery, the soupfin (also 
called the school shark and tope shark) is 
fished in the southwest Atlantic, off 
South Africa, and off the southern coast 
of Australia. This species supported the 
large and well publicized fishery off Cali- 
fornia (and South Africa) in the late 
1930’s and early 1940’s. Those fisheries 
focused on the vitamin-rich liver oil of 
the soupfin but collapsed due to overfish- 
ing and the advent of synthetic vitamin A 
developed during World War II. 

In the eastern Pacific Ocean the soup- 
fin shark is found in the temperate conti- 
nental and insular waters north and south 
of the equator. It is an active, coastal- 
pelagic shark found from the surf line, 
shallow bays, and submarine canyons to 
depths near 500 m in some offshore 
areas. It is highly migratory and travels in 
small schools. This species exhibits 
marked sexual segregation, with adult 
males favoring the northern range, al- 
though in central California there are 
equal proportions of males and females. 
Major pupping areas are south of Point 
Conception. The current fishery is cen- 
tered off southern California, with mod- 
erate production in Oregon and Washing- 
ton. 

Reproduction is ovoviviparous with 
one litter of 6-52 pups per year. Mating 
occurs in the spring with gestation lasting 
12 months. Pups average about 35 cm at 
birth. Size at maturity for females is 
about 130-185 cm with maximum size to 
195 cm. Males mature at 120-170 cm and 
reach a maximum of 175 cm. Females 


mature at about 11 years and males ma- 
ture at 8 years of age. Growth of the Cali- 
fornia soupfin was described by Ripley 
(1946) from data collected during the 
early fishery. 

The flesh of the soupfin provides an 
excellent market product. A small west 
coast fishery persisted until the late 
1970’s when other shark meat became 
popular. Both the commercial and sport 
fishery for soupfin shark is currently ex- 
panding off our west coast, with annual 
production in excess of 100 metric tons. 

There is little current information con- 
cerning the structure of the west coast 
soupfin population. Holden (1977) esti- 
mated the unexploited, north Pacific 
stock at 29,000 tons. It is unlikely that 
population levels have returned to these 
pre-War levels, although there are no 
current mortality estimates. The southern 
distribution of the fishery stock extends 
well into Mexico, but catch records are 
not available from the Mexican fisheries. 

The California fishery is centered off 
San Diego and Orange Counties. Com- 
mercial soupfin operations occur 
throughout the year, but landings are 
greatest between September and Decem- 
ber. Soupfin sharks are usually caught at 
<180 m and within 5 miles of shore. In 
California there are no fishing regula- 
tions directed at the soupfin shark other 
than those imposed on all set nets. Soup- 
fin sharks are also taken in small numbers 
by related fisheries such as those for hal- 
ibut, sea bass and angel shark. Current 
landings for California indicate increased 
fishing pressure in response to the overall 
increased demand for shark meat. In Ore- 
gon, vessels landed 9,100 pounds in 
1985. Most of this occurred in the winter 
months and most (62 percent) was landed 
in Astoria. The fishery is managed by the 
Pacific Marine Fishery Council (PMFC). 
There are no data at this time to indicate 
current fishing pressure has affected the 
local soupfin shark populations. 


Blue Shark Fishery 


The blue shark, Prionace glauca, is 
not a current target species of any west 
coast fishery. However, it is taken in 
large numbers by the California drift gill- 
net fishery for thresher shark and sword- 
fish. The blue shark is common through- 





out all tropical and temperate waters both 
offshore and inshore. It may be the most 
common pelagic shark in the world and is 
common off both U.S. coasts. Blue 
sharks are highly migratory and individu- 
als tagged off the U.S. east coast have 
made trans-Atlantic crossings (Casey, et 
al., 1982). Blue sharks are also known to 
make extensive, sexually segregated mi- 
grations, although local collections indi- 
cate large individuals of either sex are 
uncommon off California. Juveniles 
abound in southern California coastal 
waters in the spring and summer months. 
In the spring, individuals tagged in the 
waters off Catalina Island exhibit a 
movement pattern toward the island at 
dusk and return to the deeper waters in 
the predawn hours. This pattern is not 
seen in the summer and fall months 
(Sciarrotta and Nelson, 1977). 

The blue shark is one of the most pro- 
lific of pelagic sharks and has a vivi- 
parous mode of reproduction. Gestation 
lasts 9-12 months and litter size varies 


between 25 and 50 pups (up to 135 have 


been reported). A von Bertaianffy 
growth curve based on silver nitrate 
aging techniques for 130 blue sharks in- 
dicates females mature at 5-6 years of age 
(220 cm) and males at 4-5 years (Cailliet 
and Bedford, 1983). There are no esti- 
mates of mortality. 

Preliminary estimates indicate that 
about 15,000-20,000 (300 metric tons) 
blue sharks are taken incidentally in other 
fisheries each year. Gillnet caught blue 
sharks are unmarketable because the urea 
in the muscle tissue rapidly breaks down 
into ammonia soon after death and taint- 
ing the meat. A small, one-vessel, exper- 
imental longline fishery developed off 
southern California from 1980 to 1982. 
This vessel resolved most of the process- 
ing problems and produced a good qual- 
ity product. The warm water conditions 
of 1982 and 1983 displaced the blue 
shark population out of the Southern 
California Bight and interrupted this trial 
fishery. The blue sharks returned to 
southern California in the fall of 1983, 
although the participants in the experi- 
mental fishery have not renewed their ef- 
forts. 

The impact of the drift gillnet opera- 
tions on the blue shack population has 


been severe at times, although currently 
there is no west coast fishery directing 
effort at the blue shark. Determining inci- 
dental fishing mortality from both drift 
and setnet fisheries is very difficult be- 
cause the incidental catch of blue shark is 
dumped at sea. Current catch estimates 
are lower than in the past because fisher- 
men are using larger mesh nets that catch 
fewer small sharks and because they tend 
to avoid areas with a high concentration 
of blue sharks. These facts along with the 
fish’s relatively high fecundity suggest 
that the continuing incidental catch has 
not resulted in a reduction in the local 
blue shark population. 


Spiny Dogfish Fishery 


The spiny dogfish, Squalus acanthias , 
is one of the most abundant sharks in cool 
temperate waters throughout the world’s 
oceans. This small bottom dweller is a 
very important commercial species and is 
fished wherever it occurs. In the north- 
east Pacific the spiny dogfish is common 
in both inshore and offshore areas of the 
continental and insular shelf and is com- 
mercially abundant off British Columbia 
and Washington. 

The spiny dogfish is a slow and moder- 
ately inactive swimmer. At times, large, 
sexually segregated schools are formed. 
They are opportunistic feeders on small 
bottom and epibenthic fish and some 
pelagic fish such as herring. The compo- 
sition of prey species varies considerably 
depending on location, time, and depth. 
Occasionally large, mixed feeding aggre- 
gations of both sexes and all sizes will 
form. These schools have caused severe 
losses to fishermen as a result of dam- 
aged fishing gear and lost fishing time 
and catch. The preferred water tempera- 
ture is 7°-15°C and these sharks will 
make vertical depth migrations to remain 
in their comfort zone. Tagging studies 
conducted in British Columbia and 
Washington indicate that spiny dogfish 
are indigenous to the inland waters of 
Puget Sound, Strait of Georgia, and 
Hecate Sound, and that there is consider- 
able movement across the U.S.- 
Canadian border in both directions. 
These results also showed that less than 2 
percent of those tagged in these inland 
waters were recovered in the open sea. 


Although some individuals have made 
extensive movements, both to the south 
and to the west (2,320 and 7,890 km, 
respectively), the fishable stocks appear 
to move only with the seasonal changes 
in water temperature (Ketchen, 1986). 

Reproduction in the spiny dogfish is 
extremely slow because of the 2-year 
breeding cycle of the females. They are 
ovoviviparous and breeding occurs in the 
fall and early winter months. Litter size is 
from 1 to 20, but averages only 6-8 fully 
formed pups after a gestation period of 
18-24 months. Growth is exceptionally 
slow with maturity averaging 14 years for 
males and 24 years for females. Females 
mature between 70 and 100 cm and live 
at least 30-50 years, with some estimates 
approaching 100 years. Males mature at 
59-72 cm and reach a maximum size of 
83-100 cm. 

The fishery for Pacific dogfish has 
gone through several stages of growth 
and decline since before World War II. 
Traditional use has been for various food 
products, for export to European and Ori- 
ental markets, for reduction, and as fertil- 
izer in the domestic market. Use of the 
spiny dogfish for food in the U.S. began 
about 1975. Primary use was for fresh, 
smoked, and processed meat. Continued 
growth of this fishery was encouraged by 
a strong European import market that was 
suffering from decreased production in 
the northeast Atlantic. Combined catches 
of spiny dogfish exceeded 2,600 metric 
tons in 1976, peaked at 4,681 metric tons 
in 1979, and has declined in recent years 
to about 2,600 metric tons (Table 3). 
U.S. fishing boats operated in Puget 
Sound where 99 percent of the west coast 
production was taken, with only inciden- 
tal landings reported for Oregon and 
California. 

The British Columbia catch followed 
the same pattern of expansion. Canadian 
vessels operate primarily in the south 
coast areas, which accounts for over 90 
percent of their catch. Substantial 
amounts are also taken in Hecate Strait, 
although production in more distant and 
coastal fishing areas is limited by the lack 
of processing plants and the need for im- 
mediate processing of the catch. Total 
catch from these areas also peaked in 
1979 with 4,757 metric tons landed 
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(Table 3), but then declined to an average 
of 3,000 metric tons between 1982 and 
1985. 

Although these catch figures seem to 
indicate a stable fishery, there are some 
warning signs of overfishing. Several im- 
portant fishing areas such as Puget Sound 
and the southern parts of the Strait of 
Georgia show a decrease in abundance. 
Depending on the type of fishery, esti- 
mates of CPUE give a mixed iook at 
abundance. Canada’s sctline fishery 
shows no increased effort in the Strait of 
Georgia between 1979 and 1982. On the 
other hand, CPUE for the trawl fishery in 
the same area fell steadily from 0.631 to 
0.160 metric tons/haul between 1977 and 
1982 (Ketchen, 1986). At this time there 
is no clear indication of the continued 
stability of this fishery. The economics of 
this fishery require a high catch per unit 
of effort because of the low commercial 
value, the need for close proximity to a 
processing plant, and a fluctuating mar- 
ket demand. 

Estimates of stock size in the northeast 
Pacific varied between 300,000 and 
500,000 metric tons before the great liver 
fishery during the 1940’s. Over 250,000 
metric tons of spiny dogfish were caught 
during this period. Current estimates of 
maximum sustained yield (MSY) range 
in the neighborhood of 8,000 to 10,000 
metric tons. 

Management of the spiny dogfish fish- 
ery is under the PMFC groundfish plan. 


Table 3.—Annual catch of spiny dogfish in the north- 
eastern Pacific in metric tons, round weight’. 
British 
Columbia Wash. 





Year Oregon Calif. Total 
1970 137 61 8 
1971 128 12 2 
1972 116 20 tr 
1973 5,056 6 tr 
1974 1,070 749 11 
1975 713 508 10 
1976 242 2,635 6 
1977 1,730 2,462 122 
1978 3,126 2,759 

4,757 4,284 344 

4,544 3,232 135 

1,782 2,185 

3,914 2,032 

3,051 2,423 

2,441 3,461 

2,680 1,287 





9,438 
7,918 
3,974 
5,949 
5,499 
5,910 
3,967 





1Sources: California Department of Fish and Game, Marine 
Statistics (1970-84); Washington Dep it of Fisheri 
Statistical Reports (1976-84); Ketchen, 1986. 
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The MSY and available biological catch 
(ABC) for Washington have been pro- 
posed at 2,900 metric tons (Pedersen and 
DiDonato, 1982) and the MSY for 
British Columbia was set at 8,000- 
10,000 metric tons (Ketchen, 1986). The 
west coast stock appears healthy, even 
though there are some warning signs of 
overexploitation. There is an urgent need 
for a management policy between the 
United States and Canada to ensure a sta- 
ble fishery for the spiny dogfish in the 
inland areas. 


Shark Fisheries in Mexico 


Shark fishing in Mexico is poorly doc- 
umented. Artisanal fisheries and cooper- 
ative fishing camps catch various species 
of sharks, skates, and rays for subsis- 
tence uses, as fresh fish for local mar- 
kets, and as curios. There are also up to 
two Mexican longline vessels that target 
exclusively for thresher and mako 
sharks. Records are essentially nonexis- 
tent for most of these catches. The great- 
est amount of sharks taken off Baja Cali- 
fornia is by long-line joint venture 
operations with Japan. 

Japanese long-line vessels have been 
fishing off the coast of Baja California 
since the early 1960’s. The principal 
targets of these operations are striped 
marlin, Tetrapturus audax; sailfish, Is- 
tiophorus platypterus; swordfish, and 
tunas. Sharks are taken incidentally and 
delivered to markets in Mexico; the more 
expensive fish are delivered to Japan. 

As many as 18 vessels operated from 
these ports between i980 and 1984. 
These cooperative fishing operations 
were temporarily suspended between 
1984 and early 1986. Currently, Japan 
and Korea each have six longline vessels 
licensed to operate out of Ensenada, 
B.C., Mex. There are an additional three 
active longliners operating from Mazat- 
lan, and one from Manzanillo. 

Catches of all shark species are com- 
bined into one shipboard reporting cate- 
gory, and the catch of individual species 
is not recoverable. Although the species 
composition is unknown, both common 
and bigeye threshers and bonito sharks 
reportedly make up the major portion of 
the shark catch. These records indicate 
combined shark catches represent up to 








17,377 
1,394 





33 percent by weight (42 percent by num- 
ber) of the total longline catch (Table 4). 
The reported shark catch for these vessels 
averaged 234 metric tons between 1981 
and 1983. 


Acknowledgments 


I am grateful to Norm Bartoo, Jim 
Squire, Gary Sakagawa, and Jeanne 
Michalski who took the time to review 
the manuscript, and to Lorraine Prescott 
for typing and final preparation. 


Literature Cited 


Bedford, D. W. 1985. Pelagic shark/swordfish 
drift gillnet fishery. Calif. Dep. Fish Game, 
DFG Manage. Inf. Doc., 75 p. 

. 1987. Shark Management: A case 
history—The California pelagic shark and 
swordfish fishery. Jn S. Cook (editor), Sharks: 
an inquiry into biology, behavior, fisheries, 
and use. p. 161-171. Oreg. State Univ. Ext. 
Serv., Corvallis. 

and F. B. Hagerman. 1983. The bill- 
fish fishery resource of the California current. 
CalCOFI Rep. XXIV:70-78. 

Cailliet, G. M., and D. W. Bedford. 1983. The 
biology of three pelagic sharks from Califor- 
nia waters, and their emerging fisheries: A 
review. CalCOFI Rep. XXIV. 

—___, L. K.. Martin, D. Kusher, P. Wolf, 
and B. A. Welden. 1983. Techniques for en- 
hancing vertebral bands in age estimation of 
California elasmobranchs. U.S. Dep. Com- 
mer., NOAA Tech. Rep. NMFS 8:157-177. 

Casey, J., H. W. Pratt, and C. Stillwell. 1982. 
The shark tagger. 1982 Summary. Newsletter 
of the Cooperative Shark Tagging Program. 
U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Northeast Fish. Cent., 8 p. 

Castro, J. I. 1983. The sharks of North Ameri- 
can waters. Tex. A&M Univ. Press, College 
Sta., 180 p. 

Collins, R. A., M. M. Vojkovich, A. R. Hart- 
man, and R. J. Reed. 1984. Southern Califor- 
nia nearshore gill and trammel net study 1983. 
Calif. Dep. Fish Game, Progress Rep., 33 p. 

and R. J. Reed. 1985. 
Progress Report. Southern California 
nearshore gill and trammel net study 1984. 
State of California, DFG, July, 1985. 40 p. 

Compagno, L. J. V. 1984. Sharks.of the world. 
FAO Species Catalogue. Fish. Synop. 125, 
Vol. 4, Pt. 1, 2. 

Hanan, D. A. 1984. Analysis of the common 








thresher shark (Alopias vulpinus) in the Cali- 
fornia Bight. U.S. Dep. Commer., NOAA, 


Natl. Mar. Fish Serv., SWFC Admin. Rep. 
LJ-84-10C, 34 p. 

Holden, M. J. 1973. Are long-term sustainable 
fisheries for elasmobranchs possible? Rapp. 
P.-V. Reun. Cons. Int. Explor. Mer. 164:360- 
367. 


. 1974. Problems in the rational ex- 
ploitation of elasmobranch populations and 
some suggested solutions. /n F. R. Jones (ed- 
itor), Sea fisheries research, p. 117-137. 
J. Wiley & Sons, N.Y. 

—____.. 1977. Elasmobranchs. Jn J. A. Gul- 
land (editor), Fish oer —. p. 
187-215. J. Wiley & Sons. N 


Ketchen, K. S. 1986. The spiny dogfish 
(Squalus acanthias) in the northeast Pacific 
and a history of its utilization. Can. Spec. 
Publ. Fish. Aquat. Sci. 88, 78 p. 

Natanson, L. J. 1984. Aspects of the age, 
growth and reproduction of the Pacific angel 
shark, Squatina californica, off Santa Bar- 
bara, California. Master’s Thesis, Dep. Biol. 
San Jose State Univ., 71 p. 

Pederson, M., and G. DiDonato. 1982. Ground- 
fish management plan for Washington’s inside 
waters. Wash. Dep. Fish. Prog. Rep. 170, 
123 p. 

Pratt, H. L., Jr., and J. G. Casey. 1983. Age and 
growth of the shortfin mako, /surus oxyrin- 
chus. In E. D. Prince and L. M. Pulos (edi- 


tors), Proceedings of the International Work- 
shop on Age Determination of Oceanic Fishes: 
Tunas, Billfishes, and Sharks, U.S. Dep. 
Commer., p. 175-177. NOAA Tech. Rep. 
NMFS 8. 

Ripley, W. E. 1946. The biology of the soupfin, 
Galeorhinus zyopterus. Calif. Dep. Fish 
Game, Fish Bull. 64:7-37. 

Sciarrotta, T. C., and D. R. Nelson. 1977. Diel 
behavior of the blue shark, Prionace glauca, 
near Santa Catalina Island, California. Fish. 
Bull., U.S. 75(3):519-528. 

Standora, E. A., and D. R. Nelson. 1978. A 
telemetric study of the behavior of free- 
swimming Pacific angel sharks, Squatina cali- 
fornica. S. Calif. Acad. Sci. 


Marine Fisheries Review 





Relative Abundance and Fishery Potential of 
Pelagic Sharks Along Florida’s East Coast 


STEVEN A. BERKELEY AND WILFREDO L. CAMPOS 


Introduction 


Relative abundance and fishery poten- 
tial of pelagic sharks were investigated 
by sampling the shark by-catch aboard 
commercial swordfish, Xiphias gladius , 
longline vessels along Florida’s east 





ABSTRACT—Catch rates, _ relative 
abundance, and some biological informa- 
tion on various shark species were docu- 
mented during a 2-year study of the shark 
by-catch of the swordfish, Xiphias gladius, 
fishery off Florida’s east coast. A total of 
613 sharks composed of 13 species were 
recorded in the study area from September 
1981 to September 1983. Seasonal trends 
in the abundance of all sharks combined 
were consistent between years with high 
abundance from September to November 
and a secondary peak in February and 
March. Likewise, in both years, night, 
Carcharhinus signatus; silky, C.  fal- 
ciformis; and scalloped hammerhead, 
Sphyrna lewini, sharks dominated the 
catch, comprising 86 percent of the total 
shark catch. 

The annual mean shark CPUE was 4.16 
sharks per 100 hooks set, compared with 
an annual mean swordfish CPUE of 3.67. 
It was estimated that, lly, at least 4.8 
million pounds of sharks were caught along 
the east coast of Florida incidental to 
swordfishing during the years of the study. 
The average annual reported shark land- 
ings during the same period was only 3.3 
percent of this estimated catch. Our results 
indicated that, for most species, females 
predominated in the catch and that 89 per- 
cent of these were below their reported size 
at maturity. This, combined with the ob- 
served 66 percent mortality rate of hooked 
sharks, suggests that the development of a 
fishery, directed or otherwise, should pro- 
ceed with caution. 
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coast. The longline fishery for swordfish 
in this area, which began in 1975, under- 
went a very rapid fleet expansion, and by 
1980 there were an estimated 200 vessels 
engaged in the fishery (Berkeley et al., 
1981). Landings increased steadily to 3.2 
million pounds in 1980, declining 
slightly to about 3.0 million pounds in 
the early 1980’s!. Fleet size declined to 
between 50 and 100 boats, although the 
fishing power of these vessels far ex- 
ceeded that of the initial fleet (SAFMC, 
1985a). 

Pelagic sharks constitute, by far, the 
largest component of the incidental catch 
in this fishery, generally exceeding the 
swordfish catch (Anderson, 1985). Until 
1981, there was little market for sharks in 
Florida and, with the exception of the 
shortfin mako, /surus oxyrhincus , nearly 
all sharks were discarded at sea. In 1981, 
demand for sharks began increasing and, 
while the ex-vessel price was still too low 
to support a directed fishery ($0.35 - 
$0.50/pound dressed weight), it was suf- 
ficient to encourage swordfish fishermen 
to land their by-catch. Since then, de- 
mand has fluctuated considerably, but 
the ex-vessel price has remained almost 
constant. In contrast, during the same pe- 
riod the price of swordfish increased 
from an average of $1.75/pound (Cato 
and Lawlor, 1981) to perhaps $3.00/ 
pound. This decline in relative value, 
combined with the difficulty of landing 
sharks and the careful processing and 
handling required to maintain the neces- 


‘Unpublished swordfish landings data, corrected 
and revised at the NMFS Southeast Fisheries 
Center Swordfish Stock Assessment Workshop, 
Miami, Fla., 16-26 April 1986. 


sary quality (Otwell, 1984) have discour- 
aged many fisherman from retaining 
them. Nonetheless, since the feasibility 
of harvesting these pelagic sharks is 
largely dependent on the profitability of 
the swordfish fishery, the low ex-vessel 
price will not necessarily preclude their 
exploitation. 

While pelagic sharks may be underuti- 
lized, they are not necessarily underex- 
ploited. In an analysis of various fisheries 
that directly or indirectly catch pelagic 
sharks, Anderson (1985) suggests that 
sharks in both the Atlantic and the Gulf of 
Mexico may already be overexploited. 
Whether or not this is so, the slow growth 
rates and low reproductive potential of 
sharks greatly increase the possibility of 
overfishing (Holden, 1974), making 
careful monitoring of the fishery and the 
resource essential if such problems are to 
be avoided. 

Little quantitative information is avail- 
able on the distribution, abundance, or 
biology of the various species of pelagic 
sharks found off the southeast U.S. 
coast. Casey and Hoey (1985) present the 
species composition recorded in the U.S. 
recreational fishery in 1978 for the At- 
lantic south of Virginia. They also sum- 
marize the species composition of sharks 
recorded during an unspecified period on 


The authors were with the Rosenstiel School of 
Marine and Atmospheric Science, Division of 
Biology and Living Resources, University of 
Miami, 4600 Rickenbacker Causeway, Miami, 
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L. Campos is P-2 J.C. de Jesus St., Area 17, 
U.P. Campus, Diliman, Quezon City, Philip- 
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310 longline sets in the same area. Ham- 
merhead, Sphyrna spp. was the most 
commonly captured shark in both fish- 
eries, followed, in the longline fishery, 
by blue, Prionace glauca; sandbar, Car- 
charhinus plumbeus; dusky, C. obscu- 
rus; blacktip, C. limbatus ; and tiger, Ga- 
leocerdo  cuvieri. Burgess (1984) 
documented species frequently caught in 
the inshore and offshore areas off Flor- 
ida. Nurse, Ginglymostoma cirratum; 
bull, C. leucas, sandbar, and hammer- 
head sharks were common inshore spe- 
cies, while bigeye thresher, Alopias su- 
perciliosus ; mako, Isurus spp.; bignose, 
C. altimus; silky, C. falciformis; night, 
C. signatus; and oceanic whitetip, C. 
longimanus , sharks were common off- 
shore. Scalloped hammerhead, S. lewini; 
dusky, and tiger sharks were frequently 
caught in both areas. Spatio-temporal 
distribution patterns are more complex 
than this because most sharks make sea- 
sonal migrations, both north-south and 
inshore-offshore, largely related to tem- 
perature and reproductive cycles (Ronsi- 
valli, 1978; Burgess, 1984). In addition, 
such behavior is modified by the age 
structure of the population. Younger 
(smaller) sharks of some species exhibit 
behavioral separation in space and time 
from older (larger) members of the popu- 
lation (Lineaweaver and Backus, 1970; 
Casey, 1976). The same has been noted 
between males and females of some spe- 
cies (Ronsivalli, 1978; MAFMC, 1980). 
Due to these behavioral characteristics, 
the wide and incompletely understood 
distribution of many species, and the lim- 
ited amount of quantititative sampling 
that has been conducted, there is a 
paucity of data critical for assessing the 
state of shark populations. 

In this paper, which is based on the 
results of a 2-year study, we present 
baseline information on catch rates and 
relative abundance, and some notes on 
the biology of common species within the 
context of examining the fishery poten- 
tial of the shark resource along Florida’s 
east coast. 


Methods 


Between September 1981 and Septem- 
ber 1983, a total of 111 longline sets were 
made off the east coast of Florida be- 


10 





one °° A 
a Key West o® ~~ 





CUBA 








82° sie 


80° 


Figure 1.—Location of sampling area (shaded), including designated 
“inshore” and “offshore” areas. 


tween lat. 24°30’ and 28°00’ N (Fig. 1). 
Standard Florida-style swordfish long- 
line gear and methods were used, as de- 
scribed in Berkeley et al. (1981). Most 
sets were made from the Doc’s Out III, a 
small commercial swordfish longliner, 
which fished 9 miles of mainline and 90- 
120 hooks per set. Other vessels in the 
fleet set up to 25 miles of mainline and 
over 300 hooks. Sets were begun around 
sunset and the gear was allowed to soak 
until shortly before sunrise, when 
haulback began. Squid was generally 
used as bait, although white mullet, 
Mugil curema , was used occasionally. A 
chemical light stick (Cyalume?) was at- 
tached to the leader 3-5 feet above each 
hook. Leaders were single strand, 250- 
pound test monofilament, 80-120 feet 


2Mention of trade names or commerical firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


long. Effort was expressed as total num- 
ber of hooks set. Number of hooks bitten 
off, species composition of the catch, 
number of swordfish, number of sharks 
and their location on the line, the condi- 
tion of the fish (dead or alive), and the 
geographical coordinates of the longline 
were also recorded at sea. 

Generally, all sharks were retained ex- 
cept hammerheads, whose meat had no 
market value and which were cut free if 
alive. All sharks retained were kept 
whole until returning to port, where they 
were identified, weighed to the nearest 
pound, measured (snout-fork length in 
cm), and sexed. Stomach contents were 
recorded and preserved, females were 
examined for reproductive activity (pres- 
ence of embryos), and vertebrae were 
taken for future ageing studies. Live 
hammerheads were identified, sexed, 
their lengths estimated, and cut free. 
Aboard vessels other than the Doc’s Out 
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Table 1.—Results of t-tests comparing mean CPUE of 
swordfish and sharks between inshore and offshore 
areas from February through April 1962. 


Table 3.—Number of sets, hooks, hooks lost, and mean 
month, 





Mean 
Number Number CPUE for 
Area of sets of hooks’ swordfish? 
Inshore 8 990 2.61 6.31 


Mean 
CPUE for 
sharks2 





Offshore 6 2.46 3.77 
ts=0.14 1, =0.93 
df= 12 df= 12 
P>0.40 0.25>P>0.10 
1Only those hooks on monofilament leaders 
2Standardized catches on monofilament leaders. (Arcsine 
transformation did not change results). 





Table 2.—Results of t-tests comparing mean CPUE of 
swordfish and sharks between stainiess steel and 
monofilament leaders used in sets from September 
1981 to March 1982 (tests performed on arcsine-trans- 
formed data). 





Number of 
Type of leaders CPUE for 
leader in 13 sets swordfish sharks 


Steel 338 2.40 4.66 


Mean = Mean 





Monofilament 1,266! 5.55 5.44 


ts=2.50 t, =0.99 
df=24 df=24 
P<0.01 0.25>P>0.10 


1Mean proportion of steel leaders in 13 sets = 21.1 percent. 





III, only species, sex, and estimated 
length could be recorded as most sharks 
were cut off at the boat. 

To standardize effort, catches were ex- 
pressed as number of sharks per 100 
hooks (CPUE). Most set records in- 
cluded information on whole weights 
and, when possible, dressed weight 
(headed, eviscerated, and fins removed) 
of individual specimens. If not, weights 
were approximated using available 
length-weight conversions (MAFMC, 
1980) or using the monthly mean weight 
of the particular species if lengths had not 
been recorded. 

During the initial phase of the study, 
sets were made in both “inshore” and 
“offshore” areas. The inshore area is de- 
fined as the area from the 100-fathom 
contour off the Florida mainland out 15 
miles, while the offshore area extends 
eastward from there to approximately the 
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Aug. ‘83 2 196 
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200-fathom contour on the eastern side of 
the Florida Straits (Fig. 1). Catch rates 
between these two areas were compared. 

The fishery presently uses monofila- 
ment leaders, which allow most large 
sharks to escape by biting through them. 
We hypothesized that those sharks that 
escaped would be larger and of different 
species composition than those retained. 
In an attempt to test this hypothesis and 
determine if we could retain a higher per- 
centage of sharks, 20-25 percent of the 
leaders were replaced with stainless 
steel, multi-stranded cable (500-pound 
test). Statistical comparisons were per- 
formed on catch rates between the two 
leader types. 

Monofilament leaders are used in the 
longline fishery because they increase the 
swordfish catch (Berkeley et al., 1981). 
However, hooks are often missing when 
the longline is retrieved. Although any 


large fish may break a worn leader occa- 
sionally, most missing hooks are be- 
lieved to have been bitten off. Based on 
the composition of species retained by 
the gear, there are few fish other than 
sharks which would appear capable of 
routinely severing 250-pound test 
monofilament. Thus, we recorded the 
number of missing hooks because we be- 
lieve that this reflects primarily escaped 
sharks. 


Results 
Catch Rates 


Both inshore and offshore areas were 
fished from February through April 
1982. The mean CPUE of sharks was 2.4 
times higher in the inshore area, but the 
difference was not statistically significant 
(t-test, 0.25>P>0.10) (Table 1). 
Swordfish catch rates were almost identi- 
cal between the two areas (t-test, 
P > 0.40). In both inshore and offshore 
sets, more sharks than swordfish were 
caught. 

Stainless steel leaders were not effec- 
tive in increasing the shark catch (Table 
2). Despite the fact that many sharks es- 
caped by biting through the monofila- 
ment leaders, as suggested by the number 
of missing hooks (Table 3), the steel 
leaders caught fewer sharks, although the 
difference was not significant 
(0.25 > P >0.10) (Table 2). In addi- 
tion, there was no apparent difference in 
the size or species composition of sharks 
caught on steel leaders compared with 
monofilament. However, the catch rate 
for swordfish on steel leaders was signif- 
icantly less than for monofilament 
(P <0.01). Steel leaders were only 43 
percent as effective in catching swordfish 
and 86 percent as effective in catching 
sharks as were monofilament leaders. 
Because of this, steel leaders were no 
longer used after March 1982. 

A total of 613 sharks and 523 sword- 
fish weighing 70,677 and 35,547 
pounds, respectively, were recorded in 
111 longline sets fished off the southeast 
Florida coast during the study. Complete 
hook information was recorded for 102 
sets. Total number of hooks in the 102 
sets was 13,799. The monthly mean 
shark CPUE ranged from 1.36 (May 
1983) to 7.80 (October 1981), compared 
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Table 4.—Number of individuals of each shark species recorded in each month from September 1981 to September 1983. 





Year 1 


Year 2 





1981 


1982 





Species ON M 
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2 
4 


grand total 


4 2 
8 3 4 
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Figure 2.—Monthly mean number of sharks (dots) and swordfish (circles) 
caught per 100 hooks from September 1981 to September 1983. 


with a range for swordfish of 0.86 (June 
1983) to 12.38 (September 1982) (Table 
3). Sharks constituted 53 percent by 
number of the recorded total catch (ex- 
cluding other incidental teleosts) and had 
an overall mean CPUE of 4.16. Sixty-six 
percent (n=592} of the sharks brought 
alongside were dead. 

Sharks were most abundant during late 
summer and fall (September-November), 
with a secondary peak during late winter 
and early spring (February and March) 
(Fig. 2). Although mean CPUE’s were 


12 


not significantly different among months 
(ANOVA, P > 0.50), the same patterns 
were seen in both years. Data for July and 
August 1982 and July 1983 were unavail- 
able and therefore do not necessarily rep- 
resent low abundances or low effort. 
Year 1 (September 1981 through June 
1982) showed high CPUE’s in Septem- 
ber and October 1981 and February and 
March 1982, while year 2 (September 
1982 through June 1983) showed high 
CPUE’s in September to November 1982 
and February and March 1983. Follow- 


ing the same trend, CPUE increased in 
August and September 1983. Although 
mean CPUE for the first year (4.70) was 


_ higher than for the second year (3.52), 


the differences were not significant (t- 
test, 0.20>P>0.10). Likewise, 
CPUE for swordfish was not statistically 
different between years (P > 0.40), al- 
though a slight decrease was seen, from 
3.66 in year | to 3.54 in year 2. Seasonal 
trends in swordfish CPUE were also con- 
sistent for both years with highest values 
(in numbers) in the late summer and fall 
months. While catches of both sharks and 
swordfish declined the second year, their 
relative proportions remained fairly con- 
stant. Shark catch rates represented 56 
and 50 percent of the overall yearly mean 
total catch rate in the first and second 
years, respectively (Table 3). 


Species Composition 
and Relative Abundance 


Of the 13 species of shark recorded 
during the study, night, silky, and scal- 
loped hammerhead sharks collectively 
represented 86 percent of the total shark 
catch in numbers (Table 4). Although the 
catch of both scalloped hammerhead and 
silky sharks exceeded the catch of night 
sharks (Table 4), night sharks had the 
highest overall mean CPUE, 1.21 (Table 
5). This species represented >50 percent 
of the monthly CPUE in October and 
April of the first year and in May of the 
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Table 5.—Monthly mean CPUE for the six most abundant species of shark and their percent of the monthly CPUE (in 
parantheses) for all sharks from September 1981 to September 1983. 





1981 1982 





Species 


Nov. Dec. Jan. Feb. Mar. 


Apr. 


May June 





Bigeye thresher 
Bignose 

Silky 

Oceanic whitetip 
Night 

Scal. hammerhead 


All sharks 
combined 


0.23 


0.26 
(3.7) 


1.92 
(73.0) 


1.03 
(26.9) 
0.30 


1.04 
(14.9) 


(7.8) 
0.87 

(22.7) 

0.35 

(9.1) 

263 3.83 


1.80 
(25.9) 

2.83 
(40.7) 

6.96 

















second year. Scalloped hammerheads 
had an overall mean CPUE of 1.16 and 
were the most abundant species in March 
of year 1 and in November, December, 
and April of year 2. Silky sharks had an 
overall mean CPUE of 1.12 and com- 
prised >50 percent of the monthly 
CPUE’s in November and January of 
year 1, March of year 2, and again in 
August and September of the following 
year. 

Annual mean CPUE’s for night, silky, 
and scalloped hammerhead sharks were 
36, 25, and 20 percent, respectively, of 
the annual total mean CPUE during year 
1. Similarly, in the second year, annual 
mean CPUE’s were: Scalloped hammer- 
heads, 42 percent; s‘Iky sharks, 23 per- 
cent; and night sharks, 21 percent of the 
total mean CPUE. 
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Biological Information 


Only cursory biological data was col- 
lected during this study, primarily be- 
cause of the small number of most spe- 
cies collected. 

A total of 203 sharks were examined 
for stomach contents. Of these, 171 (84 
percent) had empty stomachs. Because of 
this high percentage, meaningful conclu- 
sions on feeding habits cannot be made. 

The overall sex ratio observed for all 
species combined was 1.7 females to 1 
male (n=573) (Table 6). All dead female 
sharks were examined for developing 
embryos or “pups.” Of 142 female night 
sharks examined, only 2 (1.4 percent) 
were pregnant. Similarly, only 2 of 79 
(2.5 pecent) female silky sharks were 
pregnant. The number of pups was highly 
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variable both among and within species 
(Table 7). 





Table 7.—Specimen fork length, number of embryos, 
size range of embryos, and date of capture of speci- 
mens with embryos. 





Month No. 
FL and year of 
(cm) collected embryos 


211 Apr.1982 20 
215 Apr.1982 14 
223 Sept.1981 10 
221 Sept.1982 3 
Sept. 1981 2 
Jan. 1982 22 


Size range 
of pups 
(TL in cm) 





25.8-29.3 
52.5-61.8 
11.1-11.9 


S. hammerhead 215 30.2-36.3 





This specimen also contained 28 egg sacs, and both pups 
still had external gills. 


Length and Weight 


Mean individual whole weight of all 
sharks combined was 93.0 pounds 
(n= 183). Mean lengths, size range, and 
mean weights for 13 species of sharks are 
presented in Table 8. Sufficient data were 
recorded to calculate length-weight rela- 
tionshsips for night and silky sharks. De- 
spite the small sample size, the equation 
for bignose sharks is included because of 
the high correlation coefficient (r). 


WT=0.000028 
x FL2-93%4 


night 
n=61 
r=0.995 
WT=0.000018 
X FL3-0327 


silky 
n=80 
r=0.980 
bignose WT=0.000014 
Xx FL3-0738 n=7 
r=0.997 
where: WT=whole weight (pounds) 
FL=fork length (cm) 
n=sample size 
r=correlation coefficient 


Size frequency distributions for com- 
bined sexes of night, scalloped hammer- 
head, silky, bigeye thresher, and bignose 
sharks are shown in Figure 3a-e. 


Fishery Potential 


The overall mean CPUE was 4.16 
(n=111 sets) sharks per 100 hooks, with 
a mean individual weight of 93.0 pounds. 
Based on data derived from commercial 
swordfish permits for 1983, it was esti- 
mated that an annual total of 1,252,450 


Table 8.—Mean fork length (cm), size range (FL in cm), and mean whole weight 
sharks recorded from September 1981 to September 1983. 





Data for combined sexes 





Size 


Mean FL range Mean wt. 





202.0 
127.4 
112.9 


78-244 
70-207 
58-233 
198-274 
99-183 
183-235 
137-184 
68-234 
122-303 
229-236 
137-205 
91-244 
140-230 


(27) 172.0 
117.7 


46.0 


126.3 
200.4 ( 
160.5 
150.4 
225.1 
232.5 
178.5 (4) 
163.5 
178.0 


74.0 
188.5 
161.0 
103.9 
688.3 
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Figure 3.—Length frequency distribu- 
tion of (a) night (n=312), (b) silky 
(n=153), (c) scalloped hammerhead 
(n=154), (d) bignose (n=17), and (e) 
bigeye thresher (n=26) sharks recorded 
from September 1981 to September 
1983. 
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hooks were set for swordfish off the east 
coast of Florida (SAFMC, 1985b). If 
these figures are accurate, then the esti- 
mated annual shark by-catch was about 
4.8 million pounds. This figure is proba- 
bly conservative because the estimated 
number of hooks per year is derived from 
the assumption that each vessel made 
only one trip per month (of mean dura- 
tion, 6.7 days). The average annual re- 
ported shark landings for the Florida east 
coast from September 1981 to September 


1983 was 175,752 pounds’, 90 percent 
(=158,177 pounds) of which were be- 
lieved to have come from swordfish long- 
line vessels*. Therefore, the annual shark 


3Statistical Survey Branch. 1985. Florida land- 
ings, 1981, 1982, 1983. Southeast Fisheries 
Center, National Marine Fisheries Service, 
NOAA, 75 Virginia Beach Drive, Miami, FL 
33149. 

4E. Snell, Southeast Fisheries Center, National 
Marine Fisheries Service, NOAA, 75 Virginia 
Beach Drive, Miami, FL 33149. Personal com- 
mun. 
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landings by longline vessels during this 
period was no more than 3.3 percent of 
the estimated annual shark by-catch. 


Discussion 


The restricted extent of the study area, 
the limited number of sets, and the low 
catch rates typical of pelagic longlining 
all combine to limit statistical precision 
and restict our ability to confidently gen- 
eralize from the results of this study. 
However, assuming our results are rea- 
sonably representative, the shark by- 
catch from this limited area was at least 
4.8 million pounds. Because of the low 
value of sharks, fishermen are generally 
unwilling to go through the handling pro- 
cedures needed to ensure a marketable 
product, and most of the catch is dis- 
carded at sea. Even though most sharks 
are released, we found that 66 percent of 
the sharks brought alongside dead. 
The effect of this source of mortality on 
natural populations is not known, but 
may be significant. Using previously pre- 
sented estimates of CPUE and fishing ef- 
fort, the mortality due to longline fishing 
off the east coast of Florida is estimated 
to have been at least 52,102 sharks per 
year. 

The present low value of sharks and 
the high cost of fishing pelagic longline 
gear precludes the development of a year- 
round directed shark fishery. However, 
catch rates in certain times and areas may 
be sufficiently high for a seasonal fishery 
to be economically feasible even at the 
present market value. In both years of the 
study, shark abundance was highest from 
September to November, and increased 
again in February and March. The catch 
rate in the inshore area was 1.7 times 
higher than in the offshore area during 
late winter and early spring. While we 
suspect the difference may be real, it was 
not statistically different, probably be- 
cause of the small sample size and inher- 
ent variability in catch rate. 

Night, scalloped hammerhead, and 
silky sharks dominated the catch in both 
years, comprising 86 percent of the total 
shark catch. Exploratory longline fishing 
cruises in the Gulf of Mexico, Caribbean 
Sea, and the southestern North Atlantic 
during the 1950’s and 1960’s found 
silky, oceanic whitetip, and dusky sharks 
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the three most abundant species, com- 
prising 75 percent of all shark catches 
(Bullis, 1976). In a series of 310 sword- 
fish longline sets in the Atlantic south of 
Virginia, summarized by Casey and 
Hoey (1985), the three most abundant 
shark species were hammerhead, blue, 
and sandbar. The catch was not domi- 
nated by these species, though, which to- 
gether comprised only 48 percent of the 
total shark catch. Suprisingly, night and 
silky, two of the three most abundant 
species in our study, were not listed as 
having been caught, although they may 
have been included in the category 
“other.” It is unlikely that the difference 
in species composition observed in the 
present study represents a change in spe- 
cies distribution or abundance. Rather, it 
probably reflects differences in fishing 
gear and methods and the more restricted 
sampling in our study, an area where 
night, silky and hammerhead sharks are 
particularly abundant (Guitart-Manday, 
1975; MAFMC, 1980; Burgess, 1984). 

Relative abundance of these species 
changed somewhat from the first year to 
the second (Table 5), but no consistent 
seasonal trend in species dominance was 
apparent. Species composition was like- 
wise slightly different between the two 
years. Great hammerhead, S. mokarran, 
and sandbar sharks were only recorded in 
the first year, while bull and longfin 
mako, J. paucus, sharks were only 
recorded in the second year. This is al- 
most certainly a reflection of the relative 
rarity of these species in this pelagic 
habitat, rather than a change in their 
availability or abundance. 

The overall shark by-catch was 117 
percent of the swordfish catch. Anderson 
(1985) found a 296 percent shark by- 
catch based on 28 swordfish longline sets 
between Cape Hatteras and the Florida 
Keys. Since this estimate was derived 
from sets made in years prior to 1980, it 
is possible that a real change in relative 
abundance occurred during this time. 
However, it is more likely that the differ- 
ence is a result of improvements in gear 
and fishing methods that have differen- 
tially increased the effectiveness of long- 
lines on their target species, swordfish. 

The mean weight of all sharks com- 
bined in the present study was 93.0 


pounds (42 kg). Using a mean weight of 
each species weighted by a considerably 
different species composition than the 
one we observed, Anderson (1985), no 
doubt coincidentally, derived an identical 
overall mean shark weight of 42 kg. 
Although our study was confined to 
the east coast of Florida, the species in- 
volved are widely distributed and are im- 
pacted by other fisheries in other parts of 
their range. Commercial longline vessels 
fishing for swordfish and tunas through- 
out the Atlantic take a significant by- 
catch of sharks. A directed U.S. recre- 
ational shark fishery and other by-catch 
fisheries represent additonal sources of 
fishing mortality. Because sharks are 
particularly vulnerable to overfishing 
(Holden, 1974), if a significant propor- 
tion of the stock of the species involved is 
impacted by these fisheries, then even in 
the absence of a directed fishery, there 
may be cause for concern. Although 
there is insufficient information available 
on stock size or structure of any species 
of shark to evaluate the impact of these 
sources of mortality, Anderson (1985) 
presents evidence that sharks in the At- 
lantic may already be over-exploited. 
Of additional concern is the prepon- 
derance of females in the catch of virtu- 
ally all species (Table 6). Further, it ap- 
pears that a large proportion of the 
females of the various shark species in 
the catch are immature (Table 9). For the 
ten species for which size at maturity was 


Table 9.—Size at maturity’ and percent of femaies pre- 
sumed to be immature (i.e., below reported size at ma- 
turity) for sharks collected from September 1981 to 
September 1983. 





Size at 
Sample maturity 
size (FL in cm) 


2392 
180 
210 
180 
2003 
180 
2112 
3408 
180 
2152 


Percent of 





-_ 
FooZanawd8 


18 


88.6 





1Unless otherwise specified, sizes — were taken 
from MAFMC (1980); information for other species not 
available. 

2Fork of mature females recorded in this study 
3From Gubanov (1978). 





available, about 89 percent of the females 
recorded in this study were below that 
size. These results suggest that pelagic 
sharks along the east coast of Florida may 
be especially vulnerable to overfishing. 

Our results, which show a 25 percent 
decrease in shark CPUE from year 1 
(4.70) to year 2 (3.52) (Table 3), com- 
bined with the high mortality of hooked 
sharks and the preponderance of imma- 
ture females in the by-catch, suggest that 
the development of a shark fishery, di- 
rected or otherwise, should proceed with 
caution. 
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Estimate of the Catch of Red Snapper, Lutjanus campechanus, 
by Shrimp Trawlers in the U.S. Gulf of Mexico 


ELMER J. GUTHERZ and GILMORE J. PELLEGRIN 


Introduction 


Red snappers, Lutjanus campechanus , 
have been the object of intense commer- 
cial fishing in the Gulf of Mexico. Aver- 
age annual landings of red snapper from 
1965 to 1982 were: 1965-71, about 11 
million pounds; 1972-76, 800,000 
pounds; and 1978-82, 549,000 pounds. 
Recreational catches of snappers caught 
in the Gulf of Mexico were substantially 
higher than commercial catches. Recre- 
ational snapper catches for 1965 and 
1970 were 44 and 15 million pounds, re- 
spectively (Nakamura, 1976). Marine 
recreational fishing surveys indicated 
that about 75 percent of the reported 
snapper catch was red snapper (Thomp- 
son, 1979). The recreational take of 
snappers is substantial and should be con- 
sidered in management decisions 
(Prochaska and Cato, 1975; Nakamura, 
1976). 

Extensive efforts have been expended 
documenting both the fishery (Ginsburg, 
1930; Captiva and Rivers, 1960; Carpen- 
ter, 1965; Allen and Tashiro, 1976) and 
the taxonomy (Rivas, 1966, 1970; and 
Anderson, 1967) of snappers. Fewer re- 
ports, however, address the life history of 
these species (Camber, 1955; Moseley, 
1966; Bradley and Bryan, 1976; Futch 
and Bruger, 1976). 

Commercial and recreational fisher- 
men repeatedly have had to increase 
travel distances to locate profitable fish- 
ing grounds because of declining catch 
rates in traditional areas. Commercial 


The authors are with the Mississippi Laborato- 
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fishermen who used to fish profitably in 
the U.S. Gulf of Mexico now often travel 
to the Caribbean Sea for good catches. 
Increases in party boat size and in the 
number of large private craft have made 
offshore reefs, rock piles, and oil plat- 
forms, once exploited only by commer- 
cial interests, available to recreational 
anglers. 

The commercial shrimp fishery has 
been suggested as a possible cause of de- 
clining U.S. Gulf snapper landings 
(Bradley and Bryan, 1976). This sugges- 
tion was addressed in the Gulf of Mexico 
Fishery Management Council Fishery 
Management Plan for reef fish resources 
(GMFMC, 1980) but remained unre- 
solved because existing analyses were in- 
sufficient. 

This paper, utilizing available com- 
mercial by-catch and resource assess- 
ment data provides a more precise esti- 
mate of the catch of juvenile red snapper 
by shrimp trawlers than that reported in 
the GMFMC (1980) Reef fish Manage- 
ment Plan. In addition, the information 
provided may be useful for estimating the 
timing of first exploitation of red snapper 
by the shrimp fishery. 


Materials and Methods 


Fishing catch data were obtained from 
two sources: The commercial shrimp 
fleet and National Marine Fisheries Ser- 
vice (NMFS) _ resource 
cruises. Commercial data were obtained 
from three Gulf of Mexico shrimp fleet 
monitoring projects of the NMFS Missis- 
sippi Laboraiories: 1) the Domestic Ob- 
server Program; 2) the Sea Turtle Inci- 
dental Catch Project; and 3) the Shrimp 
Fleet By-Catch Study. In all projects, 


assessment - 


data were collected from commercial 
vessels using standard shrimp trawls 
aboard trawlers operating in the northern 
Gulf. 

Resource assessment data were col- 
lected on NMFS bottomfish surveys in- 
cluding several Southeast Area Monitor- 
ing and Assessment Program (SEAMAP) 
cruises. Northern and western Gulf (Fig. 
1, statistical subareas 10-21) bottomfish 
cruises employed a stratified random 
sample design with samples generally 
taken using a standard SEAMAP 42-foot 
shrimp trawl with 8-foot x 40-inch 
doors. Infrequently, 55-foot and 70-foot 
nets with 10-foot x 44-inch doors also 
were used. 

Samples were processed similarly for 
both data sources. At least 10 percent of 
the total live weight of the catch was sam- 
pled; it was then sorted and weighed by 
species, individuals of each species 
counted, and the data recorded on uni- 
form data sheets for subsequent key- 
punching and computer processing. Col- 
lected data also included date, position, 
depth of capture, trawl headrope length, 
minutes fished, and time of day. 

Data analysis was restricted to juvenile 
red snapper, as defined by Futch and 
Bruger (1976). These were specimens 
less than 1 year old (weighing less than 
114 g or 1/4 pound and measuring less 
than 200 mm FL) and sexually immature. 

Fish were not weighed individually. A 
mean weight per individual was com- 
puted for each sampling site by dividing 
total species weight by the number of 
specimens. This technique may occa- 
sionally be misrepresentative because ju- 
veniles caught with many large fish may 
not have been counted, and some adults 
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Figure 1.—Statistical subareas in the U.S. Gulf of Mexico used for reporting 
shrimp landings and effort (in Patella, 1975, after Kutkuhn, 1962). 


taken with many juveniles may have been 
included inadvertently. Frequency of this 
type misrepresentation remains unknown 
but was probably not substantial, as 
catches usually consisted of one size 
class. 

Two estimates were computed to indi- 
cate relative abundance: 1) Number of 
fish per hour of trawling and 2) number 
of fish per hectare. The number of fish 
per hour of trawling was determined by 
dividing the number of fish caught by the 
number of hours fished. This method as- 
sumes a linear relationship between the 
number of fish caught and number of 
hours fished (i.e., in a given location, 
twice as many fish are caught in a 2-hour 
tow as a l-hour tow with the same net). 
The number of fish per hectare was deter- 
mined by dividing the number of fish 
caught by the number of hectares swept 
by the trawl. The number of hectares 
swept was computed using a modifica- 
tion of the method of Roe (1969): 


_ 6,076.12 K X H Xx 0.67L 
107,640 





ha 


where K is the vessel speed in knots 
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(6,076.12 feet = 1 n.mi.); H is the num- 
ber of hours fished; L is the headrope 
length in feet, 0.67 is a constant (an aver- 
age horizontal trawl opening is about 67 
percent of the headrope length'); and a 
hectare (ha) = 107,640 square feet. This 
formula assumes an equal catchability 
coefficient for snapper regardless of 
trawl size. 

Data were analyzed similarly for both 
sources. Indices of relative abundance 
were summarized by depth, month, year, 
time of day, and statistical subareas. 
These subareas were those used in report- 
ing Gulf Coast Shrimp Data (GCSD) and 
are illustrated in Figure 1 (Patella, 1975). 
Surface area in hectares for statistical 
subareas have been computed and re- 
ported by Patella, 1975. 

Mean numbers of fish per hour and 
hectare were multiplied by shrimping ef- 
fort and area in hectares, respectively, to 
develop catch estimates. Effort data pub- 
lished in GCSD represent interviewed 
craft only and do not reflect total effort. 
As about one-third of the shrimp fleet 


John Watson, NMFS Pascagoula Laboratory, 
Pascagoula, Miss. Personal commun. 


was interviewed’, the number of days 
fished was multiplied by three to repre- 
sent total fleet days fished. 

The number of hours fished was esti- 
mated by multiplying days fished by 24. 
Where effort data were not available for 
subareas, months or depths, effort was 
estimated from available landings and ef- 
fort information in adjacent subareas. Ef- 
fort data by statistical subareas were then 
used as the base effort estimate for com- 
putational purposes. These effort data 
were used because of their similarity to 
the effort data reported in the GMFMC 
Shrimp Management Plan, October 1979 
(4,717,368 hours, effort summation by 
Statistical subarea vs. 4,596,307 hours, 
effort reported in GMFMC Shrimp Man- 
agement Plan, October 1979). 

No adjustments were made to compen- 
sate for differences in the size of trawl 
nets used by the commercial shrimp fleet. 
Relating catch per unit effort (CPUE) to 
a standard trawl net size would not pro- 
vide useful information because the 
CPUE reported in GCSD Report is not 
similarly standardized. Since commer- 
cial data for this study were obtained 
from the shrimp fleet, we assumed the 
various net sizes sampled adequately rep- 
resented those of the entire fleet. The es- 
timated number of fish per hectare does 
compensate for net size as headrope 
length was included in the formula for the 
area swept by the trawl. 


Results 


Commercial data for 1972 through 
1981 included a 10-year total of 2,856 
stations, fished for 11,665.3 hours 
(Table 1). Fishing effort for 1972, 1973, 
1974, and 1979 was less than 100 hr 
yearly, while all other years ranged from 
401.3 to 4,821.9 hr, with a mean of 
1,926.7 hr (Table 1). Monthly commer- 
cial fishing effort ranged from 345.0 to 
2,681.7 hr (Table 2) and hourly data 
ranged from 139.2 to 1,143.9 hr (Table 
3). Depths to 50 fm were fished, with 
98% of the commercial effort at less than 
30 fm (Table 4). Data were also sepa- 
rated into statistical subareas (Table 5), 


2Guy Davenport, Fishery Information Manage- 
ment Division (FIMD), NMFS Miami Labora- 
tory, Miami, Fla. Personal commun. 
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with only subareas 5, 9, and 10 showing 
no commercial fishing effort. Fewer than 
100 hours were fished in subareas 6, 7, 
and 8, and effort in the other subareas 


Resource assessment data for 1972 
through 1983 included a 12-year total of 
17,589 stations, fished for 3,630.5 hours 
(Table 1). Total hours fished per year 


ranged from 102.2 to 2,198.8 hours. ranged from 125.6 to 543.2 (Table 1), by 


Table 1.—Annual summary statistics of le red snapper in the Gulf of Mexico by NMFS resource 
assessment surveys from 1972 to 1983 and by commercial siirimp trawlers from 1972 to 1981. 


Frequency No. Kg No. Mean wt. Mean length 
Hours of No. of Wt. per per per per indi- of head- 
fished individuals (kg) hour vidual (g) rope (ft) 





No. of 
Year stations 








Resource survey data 
1972 700 

1973 

1974 

1975 

1976 

1977 

1978 


100.2 
41.3 
39.0 
71.2 
85.7 
88.4 

146.5 
15.9 
83.0 

117.3 

132.0 
26.4 


42.7 
41.2 
40.0 
43.7 


0 
4 
13 
z 
27 
20 
34 
0 
66 
46 





Table 2.—Monthly summary statistics of juvenile red snapper captured in the Gulf of Mexico by NMFS resource 
assessment surveys from 1972 to 1983 and by commercial shrimp trawlers from 1972 to 1981. 


Mean wt. Mean length 
of head- 
rope (ft) 





Frequency No. Kg No. 
of No. of Wt. per per per per indi- 
individuals (kg) hour hectare vidual (g) 


No. of Hours 


Year stations fished occurrence 





Resource survey data 
Jan. 1,098 185.6 
Feb. 253 
Mar. 1,492 
Apr. 1,957 
May 319 
June 1,737 
1,066 
932 
724 


302.0 
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month from 42.2 to 817.0 hours (Table 
2), and by hour from 94.0 to 225.7 
(Table 3). Depths from 5 to 50 fm were 
sampled, with 81 percent of the effort 
expended at depths of 30 fm or less 
(Table 4). Effort data by statistical sub- 
areas for resource assessment cruises are 
listed in Table 5 and show most effort 
expended between Mobile Bay, Ala. 
(subarea 11) to Morgan City, La. (sub- 
area 15). 

Data collected from both commercial 
and resource assessment cruises indi- 
cated red snapper was the major snapper 
species caught by trawls in the U.S. Gulf 
of Mexico (Table 6). The gray snapper, 
L. griseus , was the only other shallow- 
water snapper captured by commercial 
shrimp trawlers. Lane snappers, L. syna- 
gris, were generally taken by trawlers 
outside the depth range of juvenile red 
snapper. They were most frequently 
caught between Tampa and Tortugas, 
Fla., on live sponge bottom areas which 
were not extensively fished by the com- 
mercial shrimp fleet. Other snappers in- 
frequently caught included the yel- 
loweye, L. vivanus, and blackfin, L. 
buccanella , but they were caught in deep 
water well outside the depth range of ju- 
venile red snapper. 

Some data from the Shrimp Fleet By- 
Catch Study were judged questionable 
because of small sample size. From 1972 
to 1974, and in 1979, little fishing oc- 
curred, with only 6, 29, 69 and 1 hours 
fished in each year, respectively. Annu- 
ally, juvenile red snapper were caught by 
commercial shrimpers at a mean rate of 8 
percent of the stations sampled per year 
(range, from 0 to 19 percent of the sta- 
tions). The resource assessment data pro- 
vided a better picture of the susceptibility 
of juvenile red snapper to trawling gear, 
probably because of the survey’s random 
selection of stations rather than the di- 
rected sampling of the commercial fleet. 
Juvenile red snapper were caught at a 
mean rate of 20 percent of the resource 
assessment stations sampled per year 
(range, from 8 to 41 percent of the sta- 
tions). 

Initial total annual estimates of juve- 
nile red snapper caught by the U.S. Gulf 
shrimp fleet were highly variable among 
years, ranging from 2.2 to 44.2 million 
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Table 3.—Hourly summary statistics of juvenile red snapper captured in the Gulf of Mexico by NMFS resource individuals. These estimates were calcu- 
assessment surveys from 1972 to 1983 and by commercial shrimp trawlers from 1972 to 1981. lated by multiplying the mean annual 


reer’. ee ee es 2 Oe 
day stations fished occurrence individuals + (kg) ‘hour hour hectare vidual (g) ~— rope (t) ~— the lowest (0.46) and highest (9.38) an- 
Hovey ow ae 2 143 1,270 35.2 6.014 0.166 1.287 27.7 i. hy pe 
1701183 : ws eco 0282 1739 313 probably resulted from different levels of 
— oa ra AM le I oo lle fishing effort within specific areas in the 
1235 129 ; 23 8. 1.804 27.7 Gulf. Less variable estimates of the catch 
4 — ua... ae were obtained by calculating estimates 
aed . separately for each state before 
120.1 30.0 6. : : ' combining them into a total estimate 
1138 415 8637 0966 1. : 2 _—«(Table 7). 
111.3 195 6. j Fewer juvenile red snapper were 
ae a ' caught from January through June, with 
94.0 154 5: p most taken from September to November 
— 2 ? (Table 2 and Figure 2). More juvenile red 
— 2 snapper were caught during resource as- 
615 9. ’ : i : sessment cruises throughout the year than 
-* on commercial shrimping trips. This dif- 
ference probably reflected methodology 
differences in (random sampling vs. di- 
rected fishing) rather than seasonal distri- 
bution patterns. 

Juvenile red snapper were captured in 
all months except January and April on 
commercial shrimp trawlers. The great- 
est catches by both commercial 
shrimpers and during resource assess- 
ment cruises were from September 
through November (Table 2 and Figure 
2). The frequency of monthly juvenile 
red snapper captures from the commer- 
cial shrimp discard data ranged from 0 to 
18 percent of the stations occupied with a 
mean of 6 percent. Resource assessment 
data, however, indicated a broader distri- 
bution of juveniles, with frequency of 
capture ranging from 8 to 35 percent of 
the stations occupied, and a mean of 16 
percent. 

Estimated monthly catches of juve- 


niles are shown in Table 8, with means 


Table 4.—Depth summary ctatiotien i pene po — captured in the Gulf mathe ng resource summed to obtain an annual estimate. 
: : - Monthly captures based on commercial 


Frequency _No. of No. No. Mean wt. Mean length . : : 
in a = — wm on rd per indi  ofhead- | Shrimp discard data were highest from 


fathoms stations _ fished viduals (kg) hour hour hectare vidual (g) rope (t) July through November, and lowest from 
January through April (Table 8). 

1.2007 6898 5179 13751 O41 2. Analysis of the commercial shrimp 

771.7 5857 2127 7.589 0.276 1, trawler data by statistical subarea showed 

ais = 7. a ome most captures off Texas and least off the 

west coast of Florida (Table 5 and Figure 
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0.0 0.000 0. ; : ‘ senting 93 percent of the total Florida 
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Table 5.—Summary statistics by subarea of juvenile red snapper captured in the Gulf of Mexico by NMFS resource 
assessment surveys from 1972 to 1983 and by commercial shrimp trawlers from 1972 to 1961. 





Frequency No. of 
Stat. No. of Hours of indi- 
subarea stations fished occurrence viduals 


No. 
per 


Mean wt. Mean length 
per indi- of head- i Resource 
vidual (9) rope (ft) 











Resource survey data 
0 


42 
39 
39 
49 
85 
50 
25 
67 
413 
6,095 
208 


@oooocccoed 


—_ 
ere 


2,061 
4,081 
2,740 
421 
288 
269 


0 
1 
0 
6 
0 
0 
0 
0 
0 
0 
12 
2 
30 
3 
6 
15 
8 
17 
43 
51 
23 


Percent 
of total 








Table 7.—Mean annual estimate of juvenile red 











nile red snapper were caught. 

Across the Gulf within statistical sub- 
areas, the frequency of red snapper oc- 
currence in commercial catches ranged 
from 0 to 16 percent. Mean frequency of 
occurence by state area was as follows: 
Florida, 0.9 percent; Alabama and Mis- 
sissippi combined, 3.4 percent; Louisi- 
ana, 6.5 percent; and Texas, 11.7 per- 
cent. Florida (subareas 1 to 9) ‘n which 
15.0 percent of the total cv.umercial 
shrimping effort was expended, yielded 
only 1.4 percent of the juvenile red snap- 
per catch, probably reflecting the paucity 
of suitable trawling areas. Total effort 
and juvenile red snapper catch from com- 
mercial shrimp trawlers was also low off 
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Table 8.—Mean 





of juvenile red snapper caught in the U.S. Gulf of Mexico by commercial 


monthly estimates 
shrimp trawlers from 1972 to 1981. Estimates were calculated using mean number caught per hour of trawling 
multiplied by the reported interviewed shrimping effort (NMFS, FIMD). Shrimp days were based on interviewed 
Craft; therefore, final estimates were multiplied by 3 to reflect total effort and catch. 





Inshore (0-20 fm) Offshore (20+ fm) 





Shrimp 
days 


Shrimp 
days 





1,298 
1,298 
1,580 
2,144 
6,320 
8,407 
6,094 
6,658 
6,884 
7,335 
5,586 


746 
818 
646 
446 
464 
246 
500 


891 


1,046 


27,258 
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Figure 2.—Monthly catch of juvenile red snapper and sam- 
pling effort expressed as percentage of the total number 
caught and hours fished for commercial discard and re- 
source assessment data; mean value represents average per- 


JN JL AUS SEP | 6OCT) «6NOV) CODEC 





PERCENT OF TOTAL NUMBER CAUGHT AND HOURS FISHED 





ow 7. © 
STATISTICAL SUBAREAS 


Figure 3.—Catch of juvenile red snapper and sampling ef- 
fort by statistical subareas expressed as percentage of the 
total number caught and hours fished for commercial dis- 
card and resource assessment data; mean value represents 
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cent of total number caught for all months. average percent of total number caught for all statistical 


subareas. 


mercial shrimping effort east of the 
Mississippi River delta represented 22.0 


Table 9.—Mean inshore-offshore estimates of juvenile red caught within statistical subareas by commer- 
cial shrimp trawlers in the U.S. Gulf of Mexico from 1972 to 1981. Estimates were calculated using mean number 
caught per hour of trawling multiplied by the reported interviewed shrimping effort (NMFS, FIMD). Shrimp days were 


based on interviewed craft; therefore, final estimates were multiplied by 3 to reflect total effort and catch. 





Inshore (0-20 fm) 


Offshore (20+ fm) 


Combined 
in-offshore 





Statistical 
subarea 


No. of red 
snapper/hr 


Total no. 
caught 


Shrimping 
days 


No. of red 
snapper/hr 


Total no. 
caught 


Shrimping 
days 


Total no. 
caught 





243 i 0 
4,003 1,921 


0 
18,972 


OCOnOn sf WN = 


32,232 
2,735 
287,403 
62,027 
33,514 
24,668 
44,241 
79,520 
261,868 
132,890 
166,616 


0 
217 


aBdnitvcaB8Bn 


13 
77,313 
4,001 
4,102 
5,639 
488 
13,140 
49,449 
71,950 
122,974 





3,445,821 


0 
2,138 
0 
19,534 


33,117 
2,748 
364,716 
66,028 
37,616 
30,307 
44,729 
92,660 
311,317 
204,840 
289,590 





1,052,199 


4,498,020 





Alabama and Mississippi. In this area, 7 
percent of the Gulf commercial shrimp- 
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ing effort was expended but only 1.5 per- 
cent of the juveniles were caught. Com- 


percent of the total Gulf effort, but 
yielded only 3.0 percent of the juvenile 
red snapper catch. 

West of the Mississippi Delta, juvenile 
red snapper were taken primarily in sub- 
areas 13 (Louisiana) and 19 to 21 (Texas) 
by commercial shrimp trawlers (Fig. 3). 
Commercial shrimping effort off Louisi- 
ana represented 46 percent of the total 
Gulf effort, where 34 percent of the juve- 
nile red snappers were caught. Texas 
shrimpers caught 63 percent of the juve- 
niles, but expended only 32 percent of 
the total shrimping effort (Tables 7 and 
9). Resource assessment data also 
showed that the highest densities of red 
snapper (mean number of juveniles per 
hectare) were west of the delta, primarily 
off Texas (Table 5 and Figure 4). 

Within subareas, differences also were 
noted between inshore (0-20 fm) and off- 
shore (20+ fm) depths (Table 9). The 
highest inshore and offshore estimates of 
juveniles were off Texas (56 and 73 per- 
cent, respectively, of the total estimated 
numbers caught). Juvenile red snapper 
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Figure 4.—Catch of juvenile red snapper and sampling ef- 
fort by statistical subareas expressed as mean number per 
hectare (density) and hours fished for commercial discard 
and resource assessment data; mean catch represents aver- 


age number caught for all statistical subareas. 


abundance by depth zone was greatest in 
11-20 fm in both commercial shrimp dis- 
cards and resource assessment data 
(Table 4 and Figure 5). Juveniles were 
not caught at depths greater than 31 fm by 
commercial shrimp vessels, and at these 
depths they represented only 5 percent of 
the total resource assessment catch. 
Commercial shrimp discard data showed 
66 percent of the snapper were caught in 
11-20 fm, but only 29 percent of the ef- 
fort was expended in this stratum. Re- 
source assessment data showed a similar 
pattern, with 59 percent of the individu- 
als and 34 percent of the effort expended 
in 11-20 fm. Both commercial shrimp 
discard and resource assessment data 
showed the highest frequency of occur- 
rence in the 11-20 fm depth range with 
the second highest in 21-30 fm, followed 
by the 0-10 fm range. Few juveniles were 
caught at other depths. 

Hourly captures of juveniles based on 
resource assessment data were fairly uni- 
form throughout the day. Commercial 
hourly catches, however, were larger at 
night (Table 3) due in part to hourly dif- 
ferences in fishing efforts (Figure 6). Fre- 
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Figure 5.—Catch of juvenile red snapper and sampling ef- 
fort by depth expressed as percentage of the total number 
caught and hours fished for commercia. discard and re- 
source assessment data; mean catch represents average per- 
cent of total number caught for all depths. 
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Figure 6.—Catch of juvenile red snapper and sampling ef- 
fort by hour expressed as percentage of the total number 
caught and hours fished for commercial discard and re- 
source assessment data; mean catch represents average per- 
cent of total number caught for all hours. 





quency of occurrence for hourly catches 
of juvenile red snapper ranged from 14 to 
21 percent, with a mean of 18 percent in 
the resource assessment data; whereas, 
the commercial shrimp discard data 
showed a range from 0 to 14 percent, 
with a mean of 6 percent. 


Discussion 


Results of this study generally agree 
with previous estimates of the catch of 
juvenile red snapper in the Gulf of Mex- 
ico. Bradley and Bryan (1976) noted that 
lower catch rates were recorded by com- 
mercial trawlers than by resource assess- 
ment cruises, with the mean size of red 
snapper on commercial trawlers seldom 
exceeding 200 mm FL. Juveniles were 
caught along the entire Texas coast, with 
few taken inside 10 fm or outside 35 fm. 
Red snapper caught on NMFS resource 
assessment cruises were also principally 
juveniles (<200 mm FL) and associated 
with commercial shrimping depths. This 
is in agreement with Bradley and Bryan’s 
(1976) conclusion that areas of young 
snapper abundance coincide with shrimp- 
ing grounds. Trawl surveys conducted 
along the Texas and Louisiana coasts 
(Gunter, 1945; Miller, 1965; Chittenden 
and McEachran, 1976; Ragan et al., 
1978) recorded few, if any, red snapper 
taken inside 10 fm. 

Juvenile red snapper appear to move 
offshore in colder months, returning in- 
shore in warmer months. This pattern 
was noted in both the commercial shrimp 
discard and resource assessment cruise 
data (Table 10), with the most pro- 
nounced difference occurring between 
spring and summer cruises. During 
spring and fall cruises, 86 percent of the 
captures occurred from 11 to 30 fm, 
which was similar to that reported by 
Bradley and Bryan (1976). In summer 
months, 93 percent of the captures oc- 
curred at depths to 20 fm (Table 10). 

Juvenile red snapper were captured 
during all months as reported in previous 
studies. The capture of juveniles 34-70 
mm SL off Texas in January, March, 
June through October, and December 
(Bradley and Bryan, 1976); 60-70 mm 
FL off Louisiana and Mississippi in 
March/April; and 30-40 mm FL in Octo- 
ber/November in this study indicates a 
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Table 10.—Juvenile red snapper caught on resource 
assessment surveys in the U.S. Gulf of Mexico (1972- 
1983) by depth. Numbers and percentages are com- 
posites from several surveys and represent fish less 
than 200 mm FL. 





Spring Summer Fall 





Depth 
(fm) No. Pet. No. Pet. No. 


0-10 24 3 37 
11-20 336 42 604 56 664 
21-30 44 62 6 508 

1 
0 





31-40 82 10 12 57 
41-50 11 1 0 1 


0-20 405 45 3 
20+ 55 74 7 923 





more protracted spawning period 
throughout the U.S. Gulf of Mexico than 
reported by Mosely (1966) and Futch and 
Bruger (1976). Spawning peaks reported 
in July/August by Mosely (1966) and Au- 
gust/September by Futch and Bruger 
(1976) coincide with our capture of the 
highest numbers of juveniles taken from 
September through November (Table 2). 

Estimates of the number of juvenile 
red snapper caught by commercial 
shrimp trawlers based on the commercial 
discard data are listed in Tables 7 to 9. 
Inshore catches were considerably higher 
than offshore catches, which agrees with 
the depth distribution of juvenile red 
snapper (Table 4). Annual catches of ju- 
venile red snapper by the commercial 
shrimp trawlers were highly variable, 
ranging from 0.46 to 9.38 individuals per 
hour of trawling (Table 1). This variation 
was possibly due to changes in either the 
distribution of snapper juveniles or envi- 
ronmental conditions. 

July through December were months 
of highest catch rates of juvenile red 
snapper on the commercial trawlers, but 
greatest catches on resource assessment 
cruises were made from September to 
November (Table 8 and Figure 2). Few 
juveniles were caught between January 
and April on either commercial trawlers 
or during resource assessment activities, 
but more were taken in all months during 
resource assessment cruises. Increased 
capture rates were probably a reflection 
of the random station selection. Similar 
monthly trends were reported by Bradley 
and Bryan (1976). 

All inshore estimates of abundance, 


based on CPUE, were at least 1.35 times 
higher than offshore estimates (Table 9). 
These higher inshore estimates agree 
with the findings of Bradley and Bryan 
(1976). 

The only reported estimate of total ju- 
venile red snappers captured by the U.S. 
commercial shrimp fleet was in the Fish- 
ery Management Plan for reef fish re- 
sources of the Gulf of Mexico (GMFMC, 
1980). This estimate suggested a mean 
annual catch of 78 million red snapper 
per year and was based on NMFS re- 
source assessment cruises off Texas, dur- 
ing which about 15 juvenile red snapper 
were caught per hour of trawling (Table 
5). The CPUE value of 15 per hour was 
the same as that reported by Bradley and 
Bryan (1976) for the 16-25 fm depth 
range off Texas during a Texas Parks and 
Wildlife Department study of northwest- 
ern Gulf of Mexico marine fisheries from 
1970 to 1973. However, the mean esti- 
mate for all depth ranges in that study 
was only 5.98 individuals per hour of 
trawling. 

Average Texas catch rates should not 
be used for the entire U.S. Gulf, as they 
were considerably higher than for other 
Gulf states. Mean catch rates of individu- 
als per hour of trawling from resource 
assessment data for the Gulf were: Flor- 
ida, 0.08; Mississippi/Alabama, 6.00; 
Louisiana, 5.99; and Texas, 12.64. Re- 
source assessment data consistently 
showed higher density and CPUE values 
than the commercial shrimp discard data 
(Tables i to 5). Mean catch rates of indi- 
vidual juvenile red snapper per hour of 
trawling from commercial discard data 
were: Florida, 0.096; Mississippi/Ala- 
bama, 0.211; Louisiana, 0.742; and 
Texas, 1.995. 

Estimates of the juvenile red snapper 
catch reported in this paper were based 
on the commercial discard data which 
more realistically represents the commer- 
cial shrimpers catch of juvenile red snap- 
per throughout the Gulf than that pre- 
sented in the GMFMC (1980) Reeffish 
Management Plan. A similarity between 
overall estimates computed by year (4.8 
million individuals, Table 7), month (5.1 
million, Table 8) and statistical subarea 
(4.5 million, Table 9), and similar 
inshore-offshore ratios was noted. 
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Large numbers of snapper are caught 
by sport and commercial interests off 
Florida; however, shrimp vessels cannot 
operate extensively within this habitat, 
and the impact of the shrimp fishery on 
red snapper mortality is probably mini- 
mal. The maximum impact of commer- 
cial shrimping on red snapper stocks ap- 
pears to be off Texas where 63 percent of 
the total juvenile captures occurred. The 
effect of this pressure on adult popula- 
tions of Gulf red snapper is unknown. 
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Evaluation of Demersal Longline Gear off South Carolina and 
Puerto Rico With Emphasis on Deep-water Reef Fish Stocks 


G. MICHAEL RUSSELL, ELMER J. GUTHERZ, and CHARLES A. BARANS 


Introduction 


There are no definitive studies testing 
the efficiency of bottom longlines and 
other line fishing gears applicable to 
commercial reef fish assessment. Stock 
assessment techniques for reef fish in the 
western central Atlantic, Gulf of Mexico 
and Caribbean Sea have been presented 
by several authors (Barans, 1982; Cody 
et al., 1981; Gutherz, 1982; and Nelson 
and Carpenter, 1968). Target species in- 
cluded groupers (Epinephelus spp. and 
Mycteroperca spp.), porgies (Calamus 
spp. and Pagrus spp.), snappers (Etelis 
oculatus , Pristipomoides macrophthal- 
mus , P. aquilonaris , and Lutjanus spp.), 
and sharks. Kawaguchi (1974) concluded 
in his studies of the Caribbean snapper 
fishery that bottom longlines were ineffi- 
cient compared with hand reels, possibly 
due to the clumped distribution of target 
species. However, bottom longlines were 
found to be twice as effective as snapper 
reels for tilefish, Lopholatilus chamae- 
leonticeps, on mud bottoms off South 
Carolina (Low et al., 1983). Matlock et 
al. (In press) has begun studies to define 
longline gear efficiency for yellowedge 
grouper and tilefish off Texas. 

Fishery independent catch-per-unit-of- 
effort (CPUE) data are essential to accu- 
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rately assess abundance of reef fish re- 
sources. Objectives of this study were 
to: 1) Describe standard longline sam- 
pling techniques for deepwater reef 
fish, 2) clarify apparent advantages and 
disadvantages of both bottom and off- 
bottom longlines, and 3) compare spe- 
cies compositions and catch rates ob- 
tained with the two types of longlines. 


Methods 
Study Areas 


Comparative gear trials were con- 
ducted during three cruises in two geo- 
graphical areas. These studies were con- 
ducted aboard the South Carolina 
Wildlife and Marine Resources Depart- 
ment (SCWMRD) Ship Oregon, cruise 
OE-82-04, 7/29-8/13/82; the NOAA 
Ship Oregon II, Caribbean cruise 129, 
8/26-9/30/82; and NOAA Ship Delaware 
II , Caribbean cruise 83-06, 5/25-7/2/83'. 
The Oregon sampled in 183-199 m (100- 
110 fm) east of Charleston, S.C. (lat. 
32°44'N, long. 78°06’W.) in a 0.8km? 
area (referred to as the “Charleston 
Lumps” in this paper). The site consisted 
of rock habitat with 40°-50° slopes and 
12-26 m of relief. Flattened boulders up 
to 2 m wide were located near the ridge 
tops. These boulders appeared to move 
downslope after becoming undermined 
and breaking off. Steep ridges were sepa- 
rated by gullies and/or interspersed 
among rubble slopes. Gullies were com- 
posed of compressed foraminifera and 
shell hash with the appearance of sand. 


‘Cruise reports are available through G. Michael 
Russell, NMFS Pascagoula Laboratory, P. O. 
Box 1207, Pascagoula, MS 39568. 


Often the “sand’/shell hash was in dune- 
like formations. 

The Caribbean study area sampled by 
the NOAA Ships Oregon II and Dela- 
ware II included the west and north coast 
of Puerto Rico and the north coasts of 
Culebra and St. Thomas Islands. Fishing 
depths were between 69 and 589 m (38- 
324 fm); however, the majority of effort 
occurred between 183 and 457 m (100- 
259 fm). Bottom type consisted of mud, 
rock, coral and shell. The area was char- 
acterized by steep walls with precipitous 
drops to deeper waters. The upper shelf 
areas generally consisted of ridge tops 
along limestone walls. 


Sampling Procedures 


Bottom and offbottom (Kali poles— 
Anonymous, 1982) longlines were 
fished, either joined together or sepa- 
rately, but adjacent to one another. Kali 
pole hooks on the offbottom longlines 
were numbered consecutively from top to 
bottom. Catch data included a tally of 
hooks with bait, hooks without bait, fish 
caught, and the hook position on the off- 
bottom longlines where fish were caught. 

Specimens lost over the side as well as 
those brought aboard were recorded by 
species. Massive tangles often prevented 
accurate recording of species and num- 
bers caught by hook (Fig. 1). These con- 
ditions caused some variation between 
the published cruise report and the data in 
this paper. 


Fishing Methods and Gear 


Bottom longlines consisted of a buoy 
(Fig. 2) and mainline section (Fig. 3) 
Buoy lines were constructed with 1.27 
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cm twisted nylon in 183 m sections. Con- 
nections were made with 1.27 cm brum- 
mel hooks except where weights were 
tied to the buoyline with lighter line. This 
allowed tangled weights to break free 
(Fig. 2). Buoy poles were counter 
weighted with a 7 kg weight attached by 
a “D” ring. The counter weight was at- 
tached to a 4.76 cm stainless steel cable 
0.3 m long with a quick release snap for 
easy attachment and removal (Fig. 2). 

A 183 m mainline, constructed of 0.97 
cm braided nylon with 50 gangions, was 
used for each set. A gangion consisted of 
an “AK” snap, a 70 cm length of 91 kg 
test monofilament, and a #7 circle tuna 
hook. Gangions were spaced 2 m apart. 

Offbottom longlines consisted of a 
floating mainline (0.97 cm polypropy- 
lene rope) with attached Kali poles. 
These poles (schedule 80 PVC pipe) were 
2.44 m in length with reinforcing rod in- 
serted into the lower end and a 10 cm 
diameter deepwater float wired to the 
upper end. This maintained the pole’s 
vertical position during fishing opera- 
tions. Poles were attached by beckets at 
7.26 m intervals (Fig. 3). Each pole was 
equipped with five or six alternating, but 
equally spaced, gangions. 


Submersible 


Cooperative cruises were conducted 
by the National Marine Fisheries Service 
(NMFS), South Carolina Wildlife and 
Marine Resources Division 
(SCWMRD), and Harbor Branch Foun- 
dation, Inc. to supplement fishery- 
independent catch data and to assess fish 
stocks. These cruises utilized the sub- 
mersible Johnson Sea-link II for in situ 
observations of bottom and offbottom 
longlines. Fishing attitude and position 
of the gear relative to the bottom was 
observed along with species caught. Bot- 
tom topography and its effect on longline 
deployment and retrieval was noted. 


Analytical Methods 


Prior to comparison of catches be- 
tween offbottom and bottom longline 
gear, the data were standardized to num- 
ber of fish caught per 100 hooks. For 
comparison of catches by gear the data 
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Figure 1.—An offbottom longline Kali pole tangle; clearing these are time 
consuming and may be dangerous to crew members. 


were log (X + 1) transformed (Elliott, 
1977). Three categories were then com- 
pared: 1) Total fish between geographical 
areas; 2) Caribbean shark species, two 
species of wenchmen, Pristipomoides 
aquilonaris and P. macrophthalmus , and 
all other snappers; and 3) South Carolina 
blackbelly rosefish, Helicolenus dacty- 
lopterus, and two species of tilefish 
(tilefish and blueline tilefish, Caulo- 
Jatilus microps). Transformed and un- 


transformed mean catches and variances 
of fish per 100 hooks recovered by set 
were compared by Student’s “t” tests aad 
“F” (alpha = 0.05) F-tests (Sokal and 
Rohlf, 1969). Differences in mean catch 
between two Kali pole positions (top 
three hooks vs. bottom two or three 
hooks, depending on whether it was a 
five- or six-hook set) on the offbottom 
longlines were compared by chi-square 
analysis. 
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Figure 2.—Diagrammatic representation of buoy system 
with appropriate connections, lights, and radar reflectors to 
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Figure 3.—Diagrammatic representation of a longline set 
including bottom and offbottom lines and buoy sysiem. 





assist locating the gear. 


Results 


Underwater Observations 


Over rough bottom, Kali poles re- 
mained upright and free of bottom ob- 
structions appearing as a “picket fence”. 
This upright orientation with the bottom, 
along with several hooked fish, can be 
seen in Figure 4. Regardless of longline 
type, fish captures were habitat specific 
with few fish caught on bottom with little 
or no relief. Observations of bottom 
longlines indicated that difficulty might 
be expected during retrieval when the lay 
of the line was among rocks and bottom 
projections; however, few retrieval diffi- 
culties were experienced. 


Species Composition 


Species diversity from bottom and off- 
bottom longlines was almost identical be- 
tween similar areas (Table 1). Both long- 
line types caught shark, snapper, and 
grouper in the Caribbean (Oregon II-129 
and Delaware II-83-06), while black- 
belly rosefish, tilefish, and grouper were 
the most abundant species captured on 
the Charleston Lumps (Oregon OE 82- 
04). 


Pole Position 


Fish caught were not evenly dis- 
tributed among the vertical array of 
hooks (Fig. 5). This was evident in both 
Charleston Lumps and Caribbean species 
groups (Fig. 5). Although the lower 
group of hooks consistently caught more 
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Figure 4.—A Kali pole fishing on the Charleston Lumps with, from top to 
bottom, snowy grouper, blueline tilefish, and blackbelly rosefish. 


fish (except grouper and blueline tilefish, 
Oregon 82-04), there were few signifi- 
cant differences in catch rates between 
upper and lower hook positions (Table 
2). Both the total catch and catch of 
blackbelly rosefish off the Charleston 
Lumps were significantly greater at the 
lower hook positions, perhaps indicating 
a greater abundance of blackbelly rose- 
fish or a close association to the bottom. 
Small sample sizes for individual species 


groups, other than blackbelly rosefish, 
did not allow an analysis of catch trends. 


Comparison of Catch 


The number of fish caught per 100 
hooks recovered was consistently greater 
for bottom longlines than offbottom 
longlines (Fig. 6, Table 3). Significant 
differences existed between mean num- 
bers of fish caught for all sharks, black- 
belly rosefish, and snapper (1982 data) 
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Table 1.—Catch composition for three cruises by gear type with numbers of each species caught. 
Co ~~ _ omamusston Bottom longline no. Offdottom longline no. 
Oll 129 Dil 83-06 OE-82-04 Olli 129 Dil 83-06 OE-82-04 
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Figure 5.—Bait loss and catch rates 
by hook positions for Kali poles on 
offbottom longlines during two 
comparative cruises in the Caribbean 
and one off the Charleston Lumps. 
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Table 2.—Comparison of mean catch rates per 100 hooks recovered by hook position on offbottom longline poles. (NS = nonsignificant, X2 = chi- 
square, ** = significant at 0.01 level). 


Catch per 100 hooks 
Grouper Expected Wenchmen Expected 


0.09 0.11 0.24 0.42 
0.12 0.59 
0.01NS 0.10NS 











0.12 k 0.04 
0.20 0.34 
0.02NS 0.24NS 


1.53 id 1.87 
0.96 1.76 
0.13NS 0.01NS 
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Figure 6.—Catches of grouper, 
snapper, shark (see Table 1 for 
species), blueline tilefish, tilefish, 
blackbelly rosefish, and total catch 
for bottom and offbottom longlines. 


and the total finfish catch for each of the 
three cruises. Mean catches were signifi- 
cantly different among transformed and 
untransformed data. Mean numbers of 
snapper (1983 data) and tilefish caught 
by bottom and offbottom longlines were 
not significantly different (Table 3). 

Comparisons of means and variances 
for all untransformed numbers of fish 
caught by bottom and offbottom long- 
lines indicated that catches of all species 
groups and total catches were signifi- 
cantly different (Table 3). Catches of two 
total fish groups (cruises Oregon II-129 
and Oregon OE 82-04) and blackbelly 
rosefish by the two gear types were not 
significantly different when transformed 
values were compared. 

Catches were similar between bottom 
and offbottom longlines when the unit of 
effort compared was a “set” (not stand- 
ardized to catch per 100 hooks returned 
(Table 4)) but offbottom longlines were 
always fished with at least twice as many 
hooks over the same general distance as 
the bottom longline. There were no sig- 
nificant differences in the mean numbers 
of fish caught by the two gears for any 
species group during any cruise when 
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Table 3.—Comparison of means and variances of numbers of fish caught per 100 hooks recovered by bottom 
longlines (BL) and offbottom longlines (OBL) on three cruises. T = calculated “t” value; F = calculated “F” value; 
* = significant at 0.05 level; ** = significant at 0.01 level; value in ( ) = df. 
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Untransformed 
Transformed 


S. Carolina 1982 
(OE 82-04) 


3.5** 
(218) 
3.0°* 
(218) 


3.2** 
(109) 
1.6" 
(109) 


4.5"° 
(218) 
4.1°* 
(218) 


36" . 3. : 6 18 
(276) 
1.5 

(276) 


Tilefish (all species) 





Untransformed 


Transformed id 
(33) 


212 118) 42" 33" 
12.0 500 (66) (33) 
1.3 0.1 4.1°* 1.0 
1.0 0.1 (66) (33) 


37. 636. 12 |e 
23 68 (66) (33) 
05 O01 15 1.4" 
04 0.1 (66) (33) 





Table 4.—Comparison of means and variances of numbers of fish caught per set (not standardized to catch per 100 


hooks 


bottom longlines (BL) and offbottom 


ines (OBL) on three cruises. T = calculated “t” 


value; F = calculated “F” value; * = significant at 0.01 level; value in ( ) = df. 





Total fish 





Cruise and item Gear x $2 T 





1982 


Caribbean 
(Ol 129) 
Untransformed 


Transformed 


-06 16° 27 «(12 
(218) (109) 0.9 26 (218) 
-0.1 12 02 01 16 
(218) (109) 0.2 0.1 (218) 


-0.5 1.2 
(276) (138) 
1.2 


-0.1 : 
(276) (138) 


0.8 
0.9 
0.0 
0.0 


0.0 
(276) 
0. 


(276) 


Blackbelly rosefish Tilefish (all species) 





12.5 57.9 
15.8 728 
1.1 0.1 
12 0.31 


-1.7 13 29 -16 
(66) (33) 28 80 (66) 
-18 13 04 01 -1.0 
(66) (33) 05 0.1 (66) 


2.8" 
(33) 
1.5 


(33) 





tested with either untransformed or trans- 
formed data (Table 4). 


Hook Loss 


Regardless of gear, hook losses were 
less than 10 percent. Partial hook loss 
ranged from 0.6 percent of the hooks de- 
ployed (offbottom longlines off the 
Charleston Lumps) to 7.3 percent (bot- 
tom longlines in Caribbean). During each 
cruise, bottom longlines consistently lost 
more hooks than did offbottom longlines 
(Table 5). 


Discussion 

The nearly identical catch composition 
between bottom and offbottom longlines 
within similar geographical areas indi- 
cates similar behavioral characteristics to 
the fishing gear when the same bait and 
hook sizes are fished. Thus the question 
of efficiency rests with both the CPUE 
and ease of deployment and retrieval. 

Trends in the vertical distribution of 
catch on offbottom longlines were evi- 
dent only among nonpriority species. 
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Table 5.—Hook loss by cruise and gear type. 


Caribbean Caribbean Charleston 
Oll 129 Dil 83-06 OE 82-04 


Gear No. % No. % No. 











Bottom longline 
Total 246 45 138 73 26 
Partial’ 196 36 138 73 26 


Offbottom longline 
Total 654 50 277 72 29 
Partial! 414 31 177 46 29 





1Does not include hooks lost in loss of complete sets. 


Catches of priority species were too low 
for conclusive results which may be an 
indication of a low population size. 
Blackbelly rosefish and sharks were 
caught more frequently at lower hook po- 
sitions suggesting a high abundance or 
close association with the bottom. The 
higher number of grouper and blueline 
tilefish (Oregon 82-04) caught on the 
upper hooks may indicate a reduced de- 
pendency on the bottom or the un- 
availability of lower hooks due to their 
utilization by blackbelly rosefish and/or 
sharks. Species feeding patterns or food 
preference may also make the lower 
hooks more attractive. 

Significant differences were noted be- 
tween mean catch rates per 100 hooks of 
bottom and offbottom longlines (Table 
3). This difference is an expression of the 
higher number of hooks along the bottom 
on a standard longline and the generally 
higher catch rate of the lower hooks on 
offbottom longlines. When comparing 
catch rates between sets, irrespective of 
the number of hooks, no significant dif- 
ference is noted between the two gear 
types (Table 4). The equality of catch 
between bottom and offbottom longlines 
reflects the larger number of hooks fished 
on offbottom longlines. The similarity in 
catch and its nonsignificance between 
gear types when measuring catch per set 
indicates that a given number of fish in a 
given habitat will be caught irrespective 
of the gear type or bait used. Bottom 
longlines caught more fish per 100 hooks 
than did offbottom longlines. 

Hook loss was an indicator of gear 
fouling on rough habitats. However, this 
type habitat is where the highest concen- 
trations of commercially exploitable 
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stocks are found. A larger number of 
hooks, expressed as percent per set, was 
lost from bottom longlines as more hooks 
were in direct contact with the bottom. 
Although a higher percentage of hooks 
was lost from bottom longlines, this gear 
may be a better deep-water reef fish as- 
sessment tool as offbottom longlines 
were more difficult to bait, set, and re- 
trieve. In addition, upon retrieval they 
were often tangled and difficult to clear 
with the resultant loss of fishing time and 
possibly a portion of the catch (Fig. 1). 
Offbottom longlines were designed to 
minimize bottom fouling and gear loss on 
rough bottom habitats, but this advantage 
was offset by frequent handling diffi- 
culties. For population assessment, be- 
cause of the habitat specificity of the ex- 
ploitable species, the best gear 
configuration may be a “short” bottom 
longline directed at a specific habitat. Re- 
trieving a “short” set straigi:t off the bot- 
tom reduces loss of fishing gear by mini- 
mizing potential fouling. These 
conditions influenced SCWMRD to use 
short habitat specific setlines to investi- 
gate deep-water demersal finfish re- 
sources off South Carolina and northern 
Georgia (Low et al., 1983). 


Recommendations 


Short (30 m) bottom longlines with 20- 
30 hooks fishing within specific habitats 
may be a more realistic gear configura- 
tion for evaluation of deep-water stocks 
and their distribution. Insufficient in- 
shore effort has been expended in areas 
of high relief to evaluate offbottom long- 
lines for inshore populations; however, 
they may be a useful tool for stock assess- 
ment in this habitat. Surveys using off- 
bottom longlines should be conducted 
from vessels not exceeding 15 m as large 
vessels tend to pull the mainline to the 
vessel causing tangles when dragging the 
mainline and poles across the bottom. 
Small vessels can more easily maintain 
position over the mainline allowing the 
gear to be hauled straight off the bottom. 
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Observations of Deepwater Shrimp, Heterocarpus ensifer, 
From a Submersible off the Island of Hawaii 


REGINALD M. GOODING, JEFFREY J. POLOVINA, and MURRAY D. DAILEY 


Introduction 


In Hawaii and other Pacific island 
groups there has been considerable inter- 
est in the commercial potential of deep- 
water caridean shrimps of the genus Het- 
erocarpus . Exploratory trapping surveys 
have shown that deepwater shrimps are 
widely distributed throughout the central 
and western Pacific (Clarke, 1972; Struh- 
saker and Aasted, 1974; Wilder, 1977; 
Intes, 1978; Brown and King, 1979; 
King, 1980, 1981a, 1981b, 1982, 1984, 
1986; Moffitt, 1983; Gooding, 1984; 
Dailey and Ralston, 1986; Ralston, 1986; 
Moffitt and Polovina, 1987). 

The Southwest Fisheries Center’s 
(SWFC) Honolulu Laboratory of the Na- 
tional Marine Fisheries Service, has con- 
ducted surveys of deepwater shrimp re- 
sources in Hawaii (Gooding, 1984) and 
the Mariana Islands (Ralston, 1986; Mof- 
fitt and Polovina, 1987). 

Despite the recent economic failure of 
a large commercial endeavor that was en- 
gaged in a trap fishery for Heterocarpus 
laevigatus in Hawaii, (Schlais, 1982, 
1983) the deepwater shrimp resource 
continues to offer promise for commer- 
cial exploitation in Hawaii and indeed 
throughout the southern and western 
Pacific islands. In the Hawaiian Islands 
H. laevigatus , which occurs most abun- 
dantly in depths of 450-700 m and H. 


Reginald M. Gooding and Jeffrey J. Polovina are 
with the Honolulu Laboratory, Southwest Fish- 
eries Center, National Marine Fisheries Service, 
NOAA, 2570 Dole Street, Honolulu, HI 96822- 
2396. Murray D. Dailey is with the Department 
of Biology, California State University at Long 
Beach, Long Beach, CA 90840. 
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ensifer which has a shallower preferred 
depth range of 300-600 m (Clarke, 1972; 
Struhsaker and Aasted, 1974; Gooding, 
1984; Dailey and Ralston, 1986), have 
been targets of trap fisheries. However, 
H. laevigatus is generally considered to 
have the greater commercial potential be- 
cause it is larger. 

At present there is no Fishery Manage- 
ment Plan (FMP) for deepwater shrimps. 
The Western Pacific Regional Fishery 
Management Council (Council) has iden- 
tified the Heterocarpus resource as one in 
need of further basic research for effec- 
tive future management!. The Honolulu 
Laboratory is presently conducting 
“intensive fishing experiments” on iso- 
lated H. laevigatus grounds to acquire es- 
timates of absolute and relative abun- 
dance of exploitable stocks (Ralston, 
1986). For management purposes there is 
a need for research into population biol- 
ogy and stock assessment, growth rates 
and natural mortality, and migration pat- 
terns. Commercial catch and effort data 
and research survey data from surface 
vessels provide much of this information. 
Visual observations from a research sub- 
mersible can give a valuable insight into 
areas such as general behavior and mi- 
crodistribution relative to types of fishing 
gear and the nature of the bottom (Ral- 
ston et al., 1986). Such direct observa- 
tions may be very useful in interpreting 


Western Pacific Regional Fishery Management 
Council. 1984. Draft assessment of resources, 
existing and potential fisheries, and management 
needs for selected crustacean species in the 
Western Pacific region. Rep. on file at Western 
Pacific Regional Fishery Management Council, 
1164 Bishop Street, Suite 1405, Honolulu, HI 
96813. 


data acquired by other means and in de- 
veloping more efficient gear and fishing 
techniques. 

In February 1984, we had the opportu- 
nity to use the Hawaii Undersea Research 
Laboratory (HURL) submersible, 
Makalii (Fig. 1), to make observations of 
H. ensifer off the northeast coast of the 
Island of Hawaii. The project was con- 
fined to H. ensifer grounds because the 
maximum operational depth of the 
Makalii is less than the depth at which H. 
laevigatus occurs. The objectives of the 
dives were to: 1) Determine factors that 
might cause variation in H. ensifer catch 
rates within a string of five traps, 2) ob- 
serve the behavior of shrimp in the vicin- 
ity of two different trap designs, 
3) document observed distribution and 
abundance of shrimp relative to type of 
substrate, 4) set bait on the bottom as an 
attractant to acquire further insight into 
shrimp density relative to type of sub- 
strate, and 5) collect shrimp specimens, 
bottom sediment, and water samples for a 
laboratory assay of incident bacteria. A 
problem for the shrimp industry that has 
limited the marketability of Heterocar- 
pus spp. has been a rapid deterioration in 
the meat, so-called “mushy tail.” This is 
believed to be caused by bacteria of the 
genus Vibrio. Four species of the genus 
had been identified by one of the authors 
(Dailey) in cultures of shrimp landed 
from commercial traps. We hoped to de- 
termine if these bacteria are either always 
on the shrimp and cause no problem for 
the living animal, or are subsequently 
picked up in the upper water column, or 
even after the shrimp has been landed on 
the vessel. 

Because the Makalii became available 
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for the project on very short notice, we 
were able to fabricate and transport only 
six shrimp traps to Hawaii from Oahu. 
Four traps were lost early in the project so 
we were unable to acquire any informa- 
tion on the catch of similar traps on a 
string in relation to substrate variations. 


Methods 


The Makalii is a two-man, battery- 
powered, one-atmosphere submersible 
owned and operated by HURL, Univer- 
sity of Hawaii, and funded by the Na- 
tional Oceanic and Atmospheric Admin- 
istration (NOAA), National Undersea 
Research Program (NURP). It is 4.8 m 
long and has a spherical capsule 1.5 m in 
diameter. With a pilot and one observer 
and up to 95 kg payload, it has an opera- 
tional depth capability of about 366 m 
and a dive duration of 4-5 hours with 
emergency life support for 72 hours. 
Normal operating speeds range from | to 
3 knots. 

During this study, equipment that was 
used included: Hydraulic manipulator, 
two-color video cameras with monitors, 
recorders, and video lights, externally 
mounted 35 mm still camera and strobe, 
current and temperature meters, dicta- 
phone tape recorder, directional antenna, 
and sonic pingers for site relocation. A 
Motorola Mini-Ranger Falcon’ naviga- 
tion system provided very precise (within 
15 m) position fixes for the support ves- 
sel which tracks the submersible with an 
Edo Western submersible tracking sys- 
tem. The Makalii is also equipped with a 
Neil Brown environmental monitoring 
package for continuous recording of tem- 
perature, salinity, conductivity, pH, oxy- 
gen, and depth. 

While on the bottom, observations were 
continuously video- and voice-recorded 
and still photographs were frequently made 
with the 35 mm camera and strobe. 

Observations were made on two types 
of traps. The first was a half-rounded de- 
sign with an entrance at each end (Fig. 
2). This design has been used during past 
shrimp surveys by the SWFC Honolulu 
Laboratory (Gooding, 1984). The second 


2Mention of trade names or commercial firms 
does not imply endorsement by the authors or the 
National Marine Fisheries Service, NOAA. 
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Figure 1.—The NOAA submersible, Makalii . 
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Figure 2.—Half-round shrimp trap. 


trap was a larger pyramid-shaped design 
with a single entrance at the apex (Fig. 
3). This was the preferred trap used in the 
former Hawaiian commercial fishery 


(Schlais, 1983). Traps were baited with 
Pacific mackerel, Scomber japonicus , 
and were set from the submersible sup- 
port vessel. Attached sonic pingers en- 
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Figure 3.—Pyramid shrimp trap. 


abled the submersible to locate them 
when it reached the bottom. Submersible 
observations were made on trap sets 
shortly after setting (1.5-5 hours) or 
about 24 hours after setting. The traps 
were retrieved after either 24 or 48 hours 
on the bottom. After removal from the 
traps the catches were held in crushed ice 
until later processing at dockside. Indi- 
vidual shrimps were not weighed. Mean 
individual weights were derived by di- 
viding total weight of catch by number of 
shrimp. 

The density of shrimp in an area was 
estimated by monitoring the number of 
shrimp aggregating to a can of tuna with 
numerous small punctures on all its sur- 
faces during 10-minute intervals. The 
cans were sealed in plastic bags and car- 
ried in the submersible’s sample storage 
basket. They were placed on the sea floor 
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and the plastic bag torn away with the 
manipulator. 

For the bacteriological tests, individ- 
ual H. ensifer were collected from the 
bottom with the submersible suction col- 
lector. A bottom sediment sample’ was 
collected from the area in which shrimp 
were located and a sample of water close 
to the bottom was collected in a modified 
Van Dorn bottle. In the laboratory 0.1 ml 
of raw inoculant from each of the sam- 
ples was plated on TCBS to determine 
total Vibrio and on marine agar to deter- 
mine total bacteria. 

The submersible observations were 
conducted on the Mauna Kea ledge about 
12 n.mi. northeast of Hilo harbor. This 
general area was recommended by Edith 
Chave of HURL who had seen numerous 
H. ensifer there on an earlier Makalii 
dive. 


Results and Discussion 


Figure 4 shows the location of the dive 
sites. Depths ranged from 345 to 380 m, 
and bottom temperature was 7°-8°C. 
Within these narrow ranges, temperature 
and depth were not correlated with either 
the apparent abundance of H. ensifer as 
observed from the submersible or the size 
of trap catches. Bottom currents were 
0.2-0.3 knot (10-17 cm/second). The 
dives showed that for the most part the 
bottom was a flat basalt plain largely con- 
sisting of a shallow layer of brownish 
silty sand overlying volcanic lava flows. 
Occasionally the nearly flat relief was in- 
terspersed with small areas of low lava 
outcrops covered with limestone cement 
rising to about 20 cm above the sand. 
Although there was considerable amount 
of sediment and apparent turbidity in the 
upper and midwater column, water clar- 
ity at the bottom was very good except 
when the fine silt was disturbed by the 
submersible. 


Trap Observations 


Five dives (Makalii dive No. 216- 
220), totaling 16.75 hours of bottom ob- 
servation time, were made during 5-13 
February 1984. Table 1 summarizes the 
schedule of dive and trapping operations. 
Prior to the arrival of the traps from Hon- 
olulu, on dive No. 216 we conducted a 
preliminary survey to determine a suit- 
able area for subsequent trap sets and ob- 
servational dives. The area surveyed on 
dive No. 216 consisted almost entirely of 
silty sand overlying a hard flat substrate. 
There was a high incidence of H. ensifer 
widely distributed throughout the region 
traversed by the Makalii. Shrimp densi- 
ties were estimated at up to 1 per m° in 
some areas. Subsequent operations were 
conducted in the same general vicinity. 

During the following four dives (217- 
220) we made observations on H. ensifer 
in relation to varying combinations of 
trap configuration, trap soak time, and 
bottom type. 

1) Dive 217. A string of five half- 
round traps, spaced 16 m apart. All of the 
traps in the string landed upright in a 
depth of 347 m. They were clustered 
closely together on flat rubbly substrate 
interspersed with low outcrops. During 
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the observation period the traps had been 
on the bottom for from 1.5 to 4 hours. 
Only a few scattered H. ensifer were seen 
in the vicinity of the traps and the largest 
catch in any one trap appeared to be about 
four shrimp. A survey in the vicinity of 
the site showed the traps had landed on 
contiguously rocky rubbly ground appar- 
ently devoid of silty sand substrate in the 
vicinity. Heterocarpus ensifer were not 
seen on the rocky ground but unidentified re 
striped shrimp were visible in small caves y: omen 
in the substrate. These probably were Og? 
Plesionika longirostris which were sub- ‘Z 
sequently identified on dive 219. During 
retrieval of the traps the following day, 
the groundline broke and four of the traps 
in the string were lost. The recovered trap 
contained 69 H. ensifer (not weighed). 

2) Dive 218. A single pyramid trap 
which landed upright on sandy bottom at 
a depth of 349 m. No rocky areas were 
seen in the vicinity. The first observa- 
tions were made about 24 hours after the 
trap had been set. The trap contained a ; 
large number of H. ensifer with many Scale~t250,000 
shrimp climbing up the sides, and in the 


























funnel entrance. Many others were on the Figure 4.—Dive sites off the — of Hawaii (soundings are shown in 


bottom surrounding the trap. The average eee 


size of the shrimp seemed so large that at 

first the observers thought that despite the 

relatively shallow depth, some of them 

were H. laevigatus. The trap was hauled 

the following morning after a soak-time 

of about 48 hours. It contained 914 H. sewation = _ 

ensifer weighing 16.8 kg with a mean °2Pth of taps (m) = - 

individual weight of 18.4 g. NoH. laevi- Bottom type Silty sand over 

gatus were found in the catch. icin cm a 
3) Dive 219. A pyramid trap and a_ Trap —"_lao, No traps set 

half-round trap spaced 15 m apart were 

deployed together. Both traps landed up- mentee cape 

right on very fine silty sand overlying a 

hard substrate. They were about 10 m  /Pundance of . ensifor 

apart at a depth of 347 m. The traps had ; 

been set the previous morning so they Sane” 

had been on the bottom for about 24 

hours when observations began. Both abundance of H ensifer 

traps were filled with shrimp. Heterocar- = saieeeinmenn 

pus ensifer were walking over the half- 

round trap and on the sides of the pyra- "iste, we 

mid trap (Fig. 5). The surrounding sandy 

bottom was covered with H. ensifer. As oe 

had been observed during the previoUS {Range of depths observed during the dive. 

trap set, the average size of the H. ensifer 

was uniformly large with very few small 

individuals in or around the traps. Shrimp 


Table 1.—Trapping observations of Heterocarpus ensifer during Makalii dives off Hawaii. 
Dive number 
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Figure 5.—Half-round trap on the bottom in a depth of 347 m; dive 219. 


were frequently seen both entering and 
exiting the half-round trap. When they 
entered the conical entrance, which on 
this type of trap was at ground level, they 
usually climbed in. However, they also 
were observed swimming in and out. Al- 
though shrimp sometimes swam to 
heights approaching 2 m above the bot- 
tom, none was observed swimming into 
the apical entrance of the pyramid trap. 
They were observed in various stages of 
climbing up the sides of the trap towards 
the entrance, and into the entrance. No 
shrimp were observed exiting the pyra- 
mid trap. A survey of the bottom in the 
vicinity around the traps showed it con- 
sisted mostly of silty sand. The exception 
to the otherwise flat sandy topography 
was a small area of lava outcrops about 
30 m from the trap site. There solitary 
striped shrimp, P. longirostris , were in 
holes and cracks in the hard substrate. 
The traps were hauled the following 
morning after being in the water for about 
48 hours. The pyramid trap caught 1,497 
H. ensifer weighing 28 kg. The half- 
round trap caught 1,016 H. ensifer, 
weighing 19 kg, and 7 P. longirostris. 
The mean individual weight of H. ensifer 
taken in each trap was 18.7 g. 

4) Dive 220. A pyramid trap and a 
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half-round trap spaced 15 m apart. Both 
traps landed on typical silty sand ground 
about 10 m apart in a depth of 347 m. The 
half-round trap was upright but the pyra- 
mid trap was on its side. The Makalii 
reached the traps about 1.5 hours after 
they had been set earlier that morning. 
The surrounding area was already cov- 
ered with H. ensifer and shrimp were 
crawling over both the traps. Despite a 
soak time of less than 2 hours they both 
appeared to contain more shrimp than we 
had thus far seen. As on the previous 
dive, shrimp were both entering and exit- 
ing the half-round trap. Unfortunately, 
because of the danger of becoming fouled 
in the groundline, we were unable to get 
into a position to observe the entrance of 
the pyramid trap which in its overturned 
position lay close to the bottom. 

During the 2.5-hour period between 
the first and last observations of the half- 
round trap there did not seem to be a 
noticeable increase in H. ensifer around 
or inside the trap. When it was hauled 21 
hours later, the catch, although substan- 
tial, did not appear to be much different 
from what we had observed from the sub- 
mersible. The pyramid trap caught 1 ,676 
H. ensifer weighing 32 kg and the half- 
round trap caught 1,110 H. ensifer 


weighing 21 kg. The mean individual 
weights of H. ensifer were 19.1 g in the 
pyramid trap and 18.9 g in the half-round 
trap. 

These observations showed that H. en- 
sifer are attracted very rapidly to baited 
traps, and that a large percentage of the 
animals within olfactory range (depend- 
ing on current conditions) may enter a 
trap within 2-3 hours of setting. Both 
traps with top entrances and those with 
entrances close to the substrate are effi- 
cient in allowing H. ensifer to enter. 
However, if the shrimps are satiated or 
the bait depleted, they apparently can 
more easily exit a trap with a horizontally 
oriented entrance near the bottom than 
one with a vertical top entrance. Thus 
small traps with bottom entrances may be 
more suitable for relatively short soak pe- 
riods. For instance, an early morning set, 
and haul before noon. For longer soaks 
(overnight) a taller trap with a top en- 
trance may hold the catch more effi- 
ciently. 

King (1981) cited data which suggests 
that H. ensifer and H. laevigatus only 
enter traps during night. In surveys by the 
SWFC Honolulu Laboratory, good 
catches of H. laevigatus were made dur- 
ing daylight sets’. From deepwater photo 
sequences of baited traps made off Palau, 
Saunders (1984) found that the upper 
range of H. ensifer appeared to be 
strongly influenced by daily photic fluc- 
tuations. They were abundant in night se- 
quences at 150-250 m depths, but were 
not recorded in daylight sequences shal- 
lower than 274 m. However, at greater 
depths there appeared to be no differ- 
ences in either activity or numbers of in- 
dividuals in day versus night photo se- 
quence. Our trap sets were all well below 
274 m. It is also likely that photic pene- 
tration is relatively limited off the east 
coast of Hawaii, which is subjected to 
considerable natural runoff as well as 
sugar factory effluent compared with 
Palauan waters. This study showed con- 
clusively that, during peak daylight hours 
at the depths observed, H. ensifer are ac- 
tive feeders and will readily enter traps. 


3Honolulu Laboratory, Southwest Fisheries Cen- 
ter, 2570 Dole St., Honolulu, HI 96822-2396. 
Unpubl. data. 
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However, we are not aware of any inves- 
tigation which has rigorously compared 
the relative merits of day and night trap- 
ping for Heterocarpus spp. The shrimp 
catches in both trap types were H. ensifer 
with the exception of the seven P. lon- 
girostris caught in the half-round trap ob- 
served on dive 219. No H. laevigatus 
were found in any of the catches. 

We were impressed by the uniformly 
large size of H. ensifer viewed from the 
submersible and caught in the traps. The 
mean individual weights of H. ensifer 
from the two types of traps were virtually 
identical, at about 18.8 g. This was quite 
large when compared with a mean weight 
of 12 g for H. ensifer taken during trap- 
ping surveys in the NWHI (Gooding, 
1984), and a maximum weight for H. en- 
sifer of about 16 g reported by Struhsaker 
and Aasted (1974). Some studies have 
indicated that large H. ensifer occur 
within the depth range of maximum 
abundance, with smaller animals occur- 
ring both shallower and deeper (Clarke, 
1972; Struhsaker and Aasted, 1974; 
King, 1981a). However, Moffitt and 
Polovina (1987) found no significant 
change in the size of H. ensifer with 
depth. Our observations were made at the 
shallow end of the range of maximum 
abundance for H. ensifer found by Good- 
ing (1984). The submersible surveys re- 
vealed virtually no small individuals in 
the vicinity of the traps or the surround- 
ing area. Thus we speculate that smaller 
size Classes were occupying other habi- 
tats. The shrimp were not methodically 
sexed but inspections of the catches 
showed the presence of both sexes with a 
high incidence of berried females. 

On H. laevigatus surveys in the Mari- 
ana Islands, Ralston (1986) found that 
pyramid traps outperformed half-round 
traps by a ratio of nearly 6:1. In this 
study, for the two sets (dive 219 and 
220), when pyramid and half-round traps 
lay adjacent to one another on the same 
type of ground, the pyramid traps caught 
only 1.5 times (60 kg) the catch of the 
half-round traps (40 kg). 

On dive 220 the pyramid trap that was 
lying on its side fished equally well rela- 
tive to the attached half-round trap as did 
the upright pyramid observed on dive 
219. 
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Figure 6.—Heterocarpus ensifer aggregated around tuna can in a depth of 
347 m; dive 220. 


Table 2.—Rate of Heterocarpus ensifer aggregation to a punctured tuna can as the number of animais 
observed over a 10-minute period. 
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Tuna Can Observations 


Punctured tuna cans (Fig. 6) were de- 
ployed on three substrate types: Silty 
sand, rocky outcroppings, and sandy rub- 
ble. Table 2 lists the number of H. ensifer 
which aggregated to the bait in each test 
during 10 minutes of observation. The H. 
ensifer were apparently following the 
odor gradient and invariably approached 
the can from the down-current direction. 
On one rocky ground test the can was 
placed about 2 m directly up-current of 
an outcropping in which we could see 
several P. longirostris ; however, none of 


them left their holes to approach the can. 
On the sandy ground there was initially a 
rapid increase in the aggregation rate of 
H. ensifer with time which appeared to 
start leveling off after about 7-8 minutes. 
We were unable to make counts beyond 
about 30 animals. These crude tests 
clearly indicate a much higher density of 
H. ensifer on the sandy silt substrate than 
on the two others. 


Other Behavior 


Heterocarpus ensifer apparently were 
neither attracted, repelled, nor affected in 
any way by the lights from the sub- 
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mersible. When, after a period of total 
darkness, the flood lights were turned on 
to large aggregations of H. ensifer gath- 
ered around traps, we were unable to dis- 
cern any changes in their behavior. On 
dive 220 we had the opportunity for just 
a few seconds to observe H. ensifer in 
something approaching an undisturbed 
natural state. As the Makalii , following 
its descent from the surface, approached 
to within about 3 m of the flat sandy bot- 
tom, we were able to see H. ensifer all 
over the sandy surface out to the limits of 
visibility. They were solitarily dis- 
tributed, about 1 per m’. As the sub- 
mersible settled on the bottom, some of 
the shrimp which were within about 1-2 
m from the Makalii swam vertically to as 
high as about 2 m from the bottom. More 
distant shrimps, although suddenly sub- 
jected to greatly increased light, re- 
mained undisturbed. Our impression was 
that the disturbed H. ensifer were react- 
ing to the sudden physical presence of the 
submersible in their midst rather than to 
the light. 

We did not see any burrowing in the 
sand by H. ensifer on this occasion or 
during other observations. This supports 
aquaria observations which indicated that 
Heterocarpus sp. did not burrow in the 
substrate (King, 1986). 

It is well known from the condition of 
shrimp in trap catches that Heterocarpus 
are cannibalistic. We did not usually ob- 
serve any overt aggressive behavior 
amongst shrimp under the various condi- 
tions of our study. However, in two in- 
stances it was shown vividly that an H. 
ensifer that finds itself at a disadvantage 
to its fellows quickly becomes fair game. 
When the tails of animals within a trap 
protruded through the mesh, shrimp on 
the outside would start feeding on the 
tail, and on one occasion during observa- 
tions of shrimp attracted to a tuna can, an 
H. ensifer which was injured by the sub- 
mersible’s manipulating arm was imme- 
diately attacked by other shrimp in the 
area. 


Bottom Habitat 


Our observations from the Makaiii, 
the subsequent trap catches, and the tuna 
can aggregation tests showed that of the 
two distinct types of substrate we en- 
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countered on Mauna Kea ledge, i.e., low 
profile outcropping and silty sand overly- 
ing flat substrate, the preferred type of 
ground for H. ensifer was clearly the lat- 
ter. Of the six traps we recovered, the 
two half-round traps that landed on flat 
sand had a mean catch rate of 20 kg per 
trap whereas the half-round trap observed 
on rocky ground caught only 69 H. en- 
sifer (probably about 1.2 kg). The three 
pyramid traps, all of which were on sand, 
had a mean catch rate of 25.6 kg per trap. 
Conversely, with the exception of a sin- 
gle P. longirostris observed on the bot- 
tom in front of the half-round trap on dive 
219, we did not see any other of this spe- 
cies on sandy ground. Seven P. longiros- 
tris were caught in the trap which was 
lying about 30 m from an area of exposed 
hard substrate on which P. longirostris 
were seen under ledges and in small 
holes. No P. longirostris were caught in 
the pyramid trap on the same string. 
However, the half-round trap on dive 217 
that lay on rocky ground where we had 
seen P. longirostris , did not catch any P. 
longirostris. Unfortunately, the other 
four traps on the same string were lost. 


Bacterial Tests 


The results of the bacteriological cul- 
ture assays (Table 3) indicate that Vibrio 
alginolyticus and another Vibrio sp. 
found commonly in and on both H. en- 
sifer and H. laevigatus are apparently not 
acquired in the trap during hauling or 
after the shrimp are landed on the vessel. 


Table 3.—Results of bacteriological tests to determine 
the distribution of Vibrio sp. 





TCBS 
Shrimp 4+ 4+ 
Vibrio alginolyticus and 

one other Vibrio sp. (not 

identified) 


Item Marine agar 





2+ 

One Vibrio sp. found. The 
same as the unidentified 

species from the shrimp 


Water 
column 0 
No Vibrio sp. recovered. 


1+ = 100 colonies/mi. 

2+ = 100-500 colonies/mi. 
3+ = 500-2,000 colonies/mi. 
4+ = 2,000 colonies/mi. 





The indication of a 4+ growth on the H. 
ensifer compared with a 2+ growth in the 
surrounding bottom material implies that 
the shrimp are likely a primary substrate 
for the Vibrio. A 4+ on the marine agar 
indicates other bacteria, primarily Pseu- 
domonas spp. are ubiquitous on the bot- 
tom as well as in the water column. 

Vibrio alginolyticus, V. para- 
haemolyticus , and Vibrio sp. have also 
been found commonly on marine mam- 
mals inhabiting the upper water column 
(Dailey, 1985). This would tend to verify 
that animals rather than the water column 
or bottom serve as the primary substrate 
for these microorganisms. 


Conclusions 


Because of various logistic factors the 
observations and tests conducted during 
these dives were somewhat limited in 
scope and sophistication. Nevertheless, 
the results show that valuable insights 
into trap siting and trap design relative to 
deepwater shrimp ecology and behavior 
and also more general aspects of the biol- 
ogy of shrimp can be acquired using a 
research submersible. This type of infor- 
mation can complement and supplement 
data collected by more conventional 
methods. 

The HURL has recently acquired the 
Pisces V, a three-man, one-atmosphere 
submersible that can reach depths of 
2,000 m. Planned SWFC Honolulu Lab- 
oratory studies on H. laevigatus from the 
Pisces V will provide information about 
this potentially more valuable species 
which, we hope, will contribute to the 
development and management of deep- 
water shrimp fisheries in Hawaii and 
other Pacific island areas. 
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Toward Developing an Inventory of U.S. Coastal Wetlands 


DON W. FIELD, CHARLES E. ALEXANDER, and MARLENE BROUTMAN 


Introduction 


Despite a growing awareness of the 
importance of coastal wetlands, there is 
no data base to document their current 
distribution and abundance. Existing 
coastal wetlands inventories have been 
conducted for the most part at state and 
local levels, and they lack a unified sys- 
tem of classification and quantification. 
Recognizing this gap in wetlands infor- 
mation, the National Marine Fisheries 
Service (NMFS) and the Strategic As- 
sessment Branch (SAB) (Ocean Assess- 
ments Division, Office of Oceanography 
and Marine Assessment, National Ocean 
Service) undertook a cooperative effort 
to compile existing coastal wetlands in- 
formation by individual coastal county 
for the 22 coastal states in the contiguous 
United States, excluding the Great 
Lakes. 

Development of this information is an 
integral part of NOAA’s strategic assess- 
ments of the nation’s coastal and oceanic 
regions (Ehler and Basta, 1984) and it’s 
national program to determine the status 
and trends of coastal fisheries habitat 
(Lindall and Thayer, 1982; Thayer et al., 
1985). The initial objectives were to: 
1) Compile available coastal wetlands in- 
formation by county and state, 
2) evaluate their adequacy for strategic 
planning and assessment, and 3) provide 
an initial data base on wetlands for the 
assessment of available fisheries habitat. 
Plans for further use of the information 
and its improvement are also discussed. 


The authors are with the Strategic Assessment 
Branch, Ocean Assessments Division, NOAA, 
Rockville, MD 20852. Don W. Field is also with 
the NMFS Southeast Fisheries Center’s Beaufort 
Laboratory, Beaufort, NC 28516. 
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What Is a Wetland? 


Weilands are typically transitional 
areas between terrestrial and aquatic sys- 
tems where the water table is at or near 
the surface or the land is covered by <6 
feet of water (Cowardin et al., 1979; 
Frayer et al., 1983). Many different types 
of wetlands occur in a wide variety of 
settings. These include salt marshes 
along the ocean coastline, bottomland 
hardwood forests in the southern states, 
and prairie potholes in the midwest. 

Because the reasons for defining wet- 
lands are as diverse as the wetlands them- 
selves, there is no single, indisputable 
definition for wetlands. To identify and 
delineate wetlands accurately for re- 
source management, the U.S. Fish and 
Wildlife Service (FWS) developed a de- 
tailed classification system in 1979 that 
broadly defines wetlands as follows: 
“. . .wetlands must have one or more of 
the following three attributes: 1) at least 
periodically, the land supports predomi- 
nantly hydrophytes; 2) the substrate is 
predominantly undrained hydric soil; and 
3) the substrate is nonsoil and is saturated 
with water or covered by shallow water at 
some time during the growing season 
each year” (Cowardin et al., 1979). 

The definition, and the classification 
system, are based on 5 years of field test- 
ing and review. Both are now widely ac- 
cepted as national and international 
standards for wetlands management 
(Tiner, 1985). Even so, they do not suit 
the needs of all wetlands investigators. 


- For example, a more restrictive defini- 


tion has been developed by the U.S. En- 
vironmental Protection Agency (EPA) 
and the U.S. Army Corps of Engineers 
(COE) for regulatory purposes. In this 
case, wetlands are defined as: “. . .those 


areas that are inundated or saturated by 
surface or ground water at a frequency 
and duration sufficient to support, and 
that under normal circumstances do sup- 
port, a prevalence of vegetation typically 
adapted for life in saturated soil condi- 
tions. Wetlands generally include 
swamps, marshes, bogs and similar 
areas” (Fed. Regist., 19 July 1977; 22 
July 1982). As a result, EPA and the 
COE estimate their regulatory jurisdic- 
tion extends to over 64 million wetland 
acres in the contiguous United States 
(OTA, 1984). In contrast, the FWS re- 
ports the presence of 99 million acres of 
freshwater and estuarine wetlands for this 
same area based on the Cowardin system. 

Differences in how wetlands are 
defined have caused considerable contro- 
versy and debate. This problem is com- 
pounded when compiling a comprehen- 
sive national data base because regional 
and state wetland inventories, represent- 
ing much of the available data, have of- 
ten used different definitions and inven- 
tory techniques to describe wetland 
boundaries. 


Why Is This 
Data Base Needed? 


Coastal wetlands are an important na- 
tional resource. From Maine to Florida, 
across the Gulf of Mexico to Texas, and 
intermittently along the West Coast, a 
thin belt of wetlands provides critical 
habitat for fish, shellfish, and wildlife 
(Shaw and Fredine, 1956; McHugh, 
1966; Turner, 1977; Flake, 1979; Lindall 
and Thayer, 1982; Sather and Smith, 
1984). They filter and process agricul- 
tural and industrial waste (Kadlec and 
Kadlec, 1979; Tchobanoglous and Culp, 
1980; Benner et al., 1982) and buffer 
coastal areas against storm and wave 
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damage (Knutson and Selig, 1982). They 
also are key factors in generating large 
revenues from a wide variety of recre- 
ational activities such as fishing and 
hunting (NMFS, 1981; FWS, 1982). 

However, wetlands are rapidly disap- 
pearing in many areas. Urbanization, 
agriculture, hydrocarbon exploration, 
and other activities have contributed to 
the loss of more than 11 million acres of 
wetlands over the past 25 years (Frayer et 
al., 1983). Although most of these losses 
have occurred in inland areas, coastal 
wetlands have reportedly been depleted 
at an average rate of about 20,000 acres 
(31 square miles) per year during this pe- 
riod. Studies indicate, however, that the 
recent loss rate may be much higher. For 
example, in coastal Louisiana, Gagliano 
et al. (1981) estimated wetland losses of 
nearly 25,000 acres (40 square miles) per 
year. Furthermore, the U.S. Census Bu- 
reau predicts that by 1990, 75 percent of 
the U.S. population will live within 50 
miles of the coastline (including the 
Great Lakes), indicating even greater 
competition in coastal areas for limited 
space and resources in the near future 
(CEQ, 1984). Despite these facts, no 
comprehensive information base on the 
nation’s coastal wetlands is available. 
Therefore, we are really not in a position 
to judge accurately the current acreage, 
characteristics, and rate of loss (or gain) 
of the nation’s coastal wetlands resource 
base. 


Data Sources 


Information on the extent of coastal 
wetlands has been developed by a variety 
of sources including Federal and state 
governmental agencies, and public and 
private research organizations. 


Federal Data 


The National Wetlands Inventory pro- 
gram (NWI) of the FWS and the Land 
Use and Land Cover program (LU/LC) of 
the U.S. Geological Survey (USGS) are 
Federal programs that compile wetlands 
data at the national level. NWI data, clas- 
sified according to Cowardin et al. 
(1979), are used as a source of wetland 
information for four states (Table 1). LU/ 
LC data were not used because of prob- 
lems noted below. 


50(1), 1988 


The NWI program was established by 
the FWS in 1974 to generate scientific 
information on the characteristics and ex- 
tent of the nation’s wetlands and to pro- 
vide data for making quick and accurate 
resource decisions (Tiner, 1984). This 
information was to be developed in two 
stages: 1) The creation of detailed wet- 
land maps and 2) research on historical 
status and trends. The maps, developed 
using aerial photography, generally are 
based on 1:24,000 scale USGS quadran- 
gles and illustrate wetland habitats based 
on the Cowardin et al. (1979) wetland 
classification system. Most of the im- 
agery used to develop these wetland 
maps was taken in the middle to late 
1970’s. However, in some areas where 
more recent photography was not avail- 
able, imagery as old as 1972 had to be 
used. While maps have been completed 
for most coastal areas, only a fraction 
have been digitized. Therefore, very lit- 
tle actual wetlands acreage data are 
presently available. Since the quantifica- 
tion of mapped data necessary to success- 
fully capture detailed wetland informa- 
tion is expensive and time consuming, a 
complete data base of NWI coastal maps 
is not anticipated in the near future. 

A 1983 FWS report on national wet- 
lands status and trends (Frayer et al., 
1983) represents the only recent attempt 
to survey the U.S. coastal and noncoastal 
wetlands. However, Frayer et al. (1983) 
suggest that, because data for the report 
were compiled by random sampling 
rather than a comprehensive inventory, 
they are meaningful only at a national or 
regional level and are generally unreli- 
able for smaller areas such as states, 
counties, or estuaries. 

The LU/LC program at USGS com- 
piles land-use data, including wetlands, 
based on aerial photography. Although it 
represents a complete national data base 
describing nine categories and 37 subcat- 
egories of land use and land cover aggre- 
gated by state, county, or even hydro- 
logic unit, the wetlands component lacks 
the detail and accuracy required for 
strategic assessments. For example, the 
data base divides wetlands into only two 
categories, forested and nonforested, 
with no designation for salt marsh, fresh 
marsh, or tidal flats. There is alo some 


question about the ability of the LU/LC 
program to distinguish accurately be- 
tween forested uplands and forested wet- 
lands. But, although LU/LC data are not 
the best available for this project, they 
remain a powerful tool for many other 
land-use planning and characterization 
applications. 


State Data 


Twenty-one of the 22 coastal states in 
the contiguous United States that were 
contacted and surveyed had completed 
some type of wetland inventory; New 
Hampshire used soil survey data to esti- 
mate the acreage of salt marsh. These 
inventories had generally been conducted 
by state natural resource agencies and 
often included estimates of inland, as 
well as coastal, wetlands. The level of 
detail, the date the inventories were con- 
ducted, and methodology all showed 
considerable variation among states. The 
information presented in this report relies 
heavily on these state level wetland in- 
ventories. Table 1 summarizes the salient 
characteristics of these state inventories. 


Compiling Existing 
State Data 


Federal, state, and local agencies, and 
educational research organizations were 
contacted by a three-member project 
team to locate and evaluate available 
coastal wetlands data for each of the 22 
coastal states (Fig. 1). The project team 
reviewed the acreage estimates, maps, 
and descriptive materials for appropriate 
information and, when necessary, made 
follow-up inquiries by telephone. The re- 
view focused in particular on when, how, 
and why each inventory was conducted. 
According to vegetative associations de- 
scribed in various inventory materials, 
the team consolidated wetland acreage 
data under the general categories of: 1) 
Salt marsh, 2) fresh marsh, 3) tidal flats, 
and 4) swamp. For ‘instance, any wet- 
lands identified as including Spartina sp. 
marshes were classified as salt marsh 
since they represent typical salt-tolerant 
coastal wetland vegetation. The data 
were then summarized by county, state, 
and region. Four wetland categories do 
not provide a sufficient level of detail for 
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Table 1.—Time period, methods of determining acreage, wetlands classification system, and references for the reports covering the 22 coastal states. 





Methodology 





Aerial Ground Wetland 
Time period photos survey maps 


Other 
Planimetry Dot/grid Digital Cowardin system 


References 





1975-76 e e 
New Hampshire 1970-74 e 
Massachusetts 1971-72 


1977 


Connecticut 1968 


Rhode Island 1970 


New York 1974 


Pennsylvania 1970, 1972 
New Jersey 1976-77 
Delaware 1981-82 
Maryland 1976-77 


Virginia Varied 
1973-81 


North Carolina 1954 

South Carolina 1971-77 
Georgia 1975-76 
Florida 1972-76 


Alabama 1979 & 
1979-80 


1976-78 
1969-75 


1950-54 


Various dates, 
1960's-1980's 


Oregon 1972-73 


Various dates, 
1975-82 


Washington 


McCall, 1972; Maine Dep. Inland Fisheries, Augusta, ME (Un- 
publ. data); Maine State Planning, Augusta, ME (Unpubi. data). 


Breeding et al. (1974); U.S. Soil Conservation Service, Durham, 
NH. 

Hankin et al. (1985); MacConnel (1975). 

Conn. Coastal Area Management Program, Hartford, CT (Un- 
publ. data). 

FWS (1984c). 


NYDEC (1974); N.Y. Dep. Environ. Conserv., Stony Brook, NY 
(Unpubl. data). 


Walton and Patrick (1973). 
Tiner (1985). 

FWS (1984a). 

McCormick and Somes (1982). 


Series of tidal marsh inventories prepared by VIMS (i.e., 
Barnard, Doumlele, Harris, Moore, Priest, Silberhorn citations). 


Wilson (1962). 

Tiner (1977). 

U.S. Soil Conservation Service, Athens, GA (Unpubl. data). 
Florida Dep. Environmental Regulation (1978). 

Stout and Long (1981); Stout et al. (1982). 

Wicker (1980). 

Gosselink et al. (1979). 

Brown (1972-80); Keer et al. (1977). 

Dennis and Marcus (1984). 

Atkins (1973); Oregon Dep. Land Conservation and Develop- 
ment, Salem OR; Oregon Dep. of Fish and Wildlife, Salem, OR. 
Boule et al. (1983). 





1Symbols: ? Methodology uncertain. 
@Methodology as indicated. 
+Wetland classification system based on FWS Circular 39 (Shaw and Fredine, 1956). 


national and regional analysis of the most 
important coastal wetland habitats. How- 
ever, with the variable wetland classifi- 
cation procedures used in the state inven- 
tories, a more refined breakdown of 
wetland types was not possible. Data on 
submergent wetlands (seagrasses) have 
been omitted. Submergent wetlands are 
major resources for fishery organisms as 
well as birds (Thayer et al., 1984) and 
should be included in any coastal wet- 
lands data base. Unfortunately, most in- 
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ventories used in this paper did not cover 
submergent wetlands. 

Twenty-three different sources of 
coastal wetland data were consulted to 
compile acreage estimates for the 22 
coastal states. Nineteen were independ- 
ent inventories, compiled by individual 
states or state-affiliated research organi- 
zations. Data were compiled for 242 
counties (Fig. 1). For some counties data 
were unavailable, while for others wet- 
land areas were too few to consider. 


Assessing the Estimates 


The data compiled indicate the pres- 
ence of over 11 million acres of wetlands 
along the Atlantic, Gulf of Mexico, and 
Pacific coastlines of the coterminous 
United States. This includes 4.4 million 
acres of salt marsh, 1.5 million acres of 
fresh marsh, 211,000 acres of tidal flats, 
and 5 million acres of swamp. The Gulf 
of Mexico has the most wetlands 
(5,184,000 acres) followed by the south- 
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east (4,232,400 acres), the northeast 
(1,737,800 acres), and the west coast 
(165,800 acres) (Fig. 1). Salt marsh and 
fresh marsh occurred most frequently in 
the Gulf of Mexico (2,648,900 acres and 
859,600 acres, respectively). Swamp 
areas were most abundant in the south- 
east (2,652,500 acres), while tidal flats 
occurred most often in the northeast 
(161,500 acres). 

Table 2 summarizes these estimates by 
state. More than 60 percent of the wet- 
lands inventoried are concentrated in 
North Carolina, Florida, and Louisiana 
while the entire west coast (California, 
Oregon, and Washington combined) has 
less than 2 percent. About 40 percent of 
the coastal wetlands measured have been 
designated as salt marsh, 14 percent as 
fresh marsh, 2 percent as tidal flats, and 
45 percent as swamp. Lacustrine wet- 
lands, or wetlands associated with lakes 
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and ponds, were excluded where possi- 
ble, because they are typically inland and 
not influenced by coastal processes. 
While this is also true for some swamp 
areas, noncoastal swamps could not be 
discriminated from coastal swamps. Salt 
marsh inventoried for this project totaled 
4,446,000 acres compared to the FWS 
estimate of 3,900,000 acres (Frayer et 
al., 1983). Other comparisons with FWS 
data cannot be made since most FWS 
estimates at the national or regional 
level include coastal and noncoastal wet- 
lands. 

Most of the data originally were devel- 
oped using aerial photography combined 
with some ground-truth surveys. Typi- 
cally, once wetlands were located on 
maps or photographs, their extent was 
quantified using either planimetric, dot/ 
grid sampling, or digital techniques 
(Table 1). For more detailed information 


()County with No Data 


Figure 1.—U.S. coastal regions and wetlands totals (acres X 100). 


on how the wetland types were aggre- 
gated see Alexander et al. (1986). 

Despite generally good geographic 
coverage of the data presented, it is im- 
possible to consolidate them into a na- 
tional data base. Considerable variation 
exists in wetland definitions and classifi- 
cation schemes. While some states 
adopted the FWS system (Cowardin et 
al., 1979), others, in response to their 
own local or regional needs, developed 
independent classification systems based 
on slightly different criteria and 
boundary conditions. In some cases wet- 
lands were classified into many distinct 
types, while in others wetland types have 
been consolidated into broad categories 
that cannot be disaggregated. Many state 
inventories were completed prior to 1979 
and before the availability of a widely 
accepted national standard. 

In addition, the time period when the 
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Table 2.—Coastal wetlands data by state. 





Wetlands acres (X 100) 
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Tidal 
flats 


Swamp 





257 
N/A 


0 
N/A 
34 
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Virginia 

Subtotal 
Southeast 

North Carolina 

South Carolina 

Georgia 

Florida (Atlantic) 

Subtotal 


Gulf of Mexico 


Habitat 


Acres 
Digital 





583 
N/A N/A 


249 


Fresh marsh 
Tidal flat 
Swamp 


Total 


250 ’ . Upland 
Open water 
Salt marsh 


434,896 


1 7,584 





727 
1,658 


113,175 
(100) 





data were collected for each inventory 
varied. For example, the last statewide 
inventory of coastal wetland acreage in 
North Carolina was 1954, while for Dela- 
ware data are based on an inventory con- 
ducted in 1980-81. Since coastal wet- 
lands have been subjected over the years 
to both environmental and developmental 
pressures, data collected at widely dis- 
parate times are often difficult to inter- 
pret. Some state inventories are based on 
detailed and comprehensive inventories, 
using state-of-the-art technology, while 
others have relied on incomplete data 
compiled from scattered projects in vari- 
ous locations. 

Consequently, the state, regional, and 
national data summaries for wetland 
acreage and distribution compiled for this 
report, while not necessarily precise, rep- 
resent order-of-magnitude estimates that 
can be useful as general indicators of 
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coastal wetlands abundance. Much work 
remains to be done to develop a compre- 
hensive nationwide assessment capabil- 
ity. Variability in the data quality and 
consistency of data between states, and 
lack of a unifying theme or purpose 
among states, makes the production of an 
accurate national picture of coastal wet- 
land status and trends difficult. 


Ongoing Efforts 


Since the existing data proved unsatis- 
factory for compiling a national data 
base, a search was undertaken for a cost 
effective method to quantify the current 
extent of coastal wetlands. Initial results 
indicated that using a grid sampling tech- 
nique on NWI maps offered a reasonable 
alternative. To test this procedure, a grid 
sampling technique was used to quantify 
habitat types for 16 previously digitized 
1:24,000 scale NWI maps. For the pur- 


poses of these preliminary tests, the nu- 
merous habitat types designated on the 
NWI maps were aggregated into six gen- 
eral categories: 1) Salt marsh, 2) fresh 
marsh, 3) tidal flats, 4) swamp, 5) open 
water, and 6) uplands. After some test- 
ing, a 45-acre grid cell size with about 
900 sampling points per map was deter- 
mined to be both efficient and accurate 
for estimating these six habitat types at 
this scale. Each map was sampled sepa- 
rately by mounting the grid over the map 
and systematically recording the habitat 
type at each sampling point. The infor- 
mation was recorded on data sheets and 
entered into a computer mapping and 
Statistics program. Based on the results 
(Table 3), it appeared that grid sampling 
could provide a time and cost effective 
technique for compiling a reasonably ac- 
curate coastal wetlands data base. 
Before establishing a full scale grid 
sampling effort, SAB and NMFS orga- 
nized a workshop bringing together indi- 
viduals with experience in wetlands map- 
ping and management to discuss 
NOAA’s efforts to compile a national 
coastal wetlands data base. Sixteen pro- 
fessionals from six Federal organizations 
participated. Specific objectives of the 
workshop were to review current infor- 
mation on the distribution and extent of 
coastal wetlands and to solicit comments 
and recommendations from the workshop 
participants on NOAA’s proposed grid 
sampling project. In, general, workshop 
participants supported NOAA’s proposal 
to grid sample NWI maps (Strategic As- 
sessment Branch, 1986). Workshop par- 
ticipants recommended, however, that 
the number of habitat categories sampled 
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be expanded from six to the fifteen listed 
below: 


1) High salt marsh 

2) Low salt marsh 

3) Brackish marsh 

4) Nonfresh marsh 
(unspecified) 

5) Tidal fresh marsh 

6) Nontidal fresh 
marsh 

7) Fresh marsh (un- 
specified) 

8) Tidal flats 

9) Estuarine forested- 

scrub/shrub 


10) Tidal fresh 
forested-scrub/ 
shrub 

11) Nontidal fresh 
forested-scrub/ 
shrub 

12) Fresh forested- 
scrub/shrub (un- 
specified) 

13) Upland 

14) Open water-fresh 

15) Open water- 
nonfresh 


These categories were incorporated into 
the operational phase of the project and 
grid sampling was begun in June 1986. 
The program is expected to be completed 
in 1988. 

Both NMFS and NOS have identified 
the status and trends of coastal wetlands 
as a priority research problem. Reliable 
baseline data on the current extent of 
coastal wetlands are needed not only to 
accurately monitor trends, but to imple- 
ment appropriate management strategies 
and assess their impact. Without such 
data, a coordinated effort to manage 
coastal wetlands and their associated re- 
sources will be difficult to achieve. Data 
generated by the efforts outlined in this 
paper should be an important step to a 
better understanding of our coastal wet- 
land resources. 
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A Synthesis of Cost and Revenue Surveys 
for Gulf of Mexico Shrimp Vessels 


Introduction 


The change in operating costs relative 
to revenues creates an economic incen- 
tive for fishermen to alter their levels of 
fishing effort. The cumulative effect of 
individual fishermen responding to fluc- 
tuating market conditions is a change in 
both the number and the fishing power of 
vessels in the fleet. Monitoring the im- 
pacts on fleet size of long-run trends in 
relative costs has been difficult because 
comprehensive time series cost data are 
not routinely collected for vessels operat- 
ing in any of the U.S. southeast region 
fisheries. 

In the case of the shrimp fishery, a 
number of cost and revenue survey stud- 
ies have been conducted under the aus- 
pices of the National Marine Fisheries 
Service (NMFS), Sea Grant, and other 
public and private institutions and orga- 
nizations. Since these studies were de- 
signed to meet specific short-term objec- 
tives, their results are not directly 
comparable because of differences be- 
tween the surveys. Information from the 
individual studies can be incorporated in 
a generalized least squares regression 
technique to estimate comparable cost 
and revenue trends, relative costs, and 
the financial performance of fishing 
firms operating in the Gulf of Mexico 
shrimp fishery during the period 1971 to 
1980. 


Review of Published 
Cost and Revenue Data 


Differences underlying the cost and 
revenue surveys prevent direct compari- 
sons of their results. Each report sur- 
veyed a particular and, in some cases, 
distinct subset of vessels in the shrimp 
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fleet, resulting in different sample vari- 
ances. The magnitude of these differ- 
ences can be seen in the range of the re- 
ported means, variances, standard 
deviations, and other descriptive statis- 
tics. For example, mean total revenue for 
surveyed vessels was reported as 
$60,142 (Warren and Griffin, 1978) and 
$9,214 (Duffy and Johnson, 1979). In 
addition, the sample sizes of the surveys 
ranged from 1 (Anonymous, 1977) to 
115 vessels (Griffin et al., 1976). Vessel 
characteristics also varied between re- 
ports. Vessel length ranged from <24 
feet (Duffy and Johnson, 1979) to >70 
feet (Griffin et al., 1974). Vessels oper- 
ated out of Texas (Swartz and Adams, 
1979), Louisiana (Roberts and Sass, 
1979), and Florida (Blomo and Griffin, 
1978). The surveys concentrated on dif- 
ferent areas of operation (inshore fish- 
eries vs. offshore fisheries) and were 
generally restricted to a single year. 
Another cause of variation in the re- 
ports is the exclusion of information on 
vessel ownership. The cost structure of a 
single vessel; owner-operated firm could 
conceivably be different from the cost 
structures of vertically integrated, hori- 
zontally integrated, or nonowner oper- 
ated firms. The single vessel, owner- 
operated fishing firms may maximize the 
income of a fisherman while the verti- 
cally integrated fishing firm may operate 
at a loss to ensure a continuous supply of 
fish to the parent company or to maxi- 
mize profits at some other level within 
the firm. The reports also did not provide 
information on the quantity of factor in- 
puts used in the production process such 
as gallons of fuel or trawl size, and the 
survey results were reported in current 
rather than constant or real dollars. 


As a result, comparisons of these stud- 
ies do not provide any information on 
long-term trends in costs relative to rev- 
enues in the shrimp fishery. As an exam- 
ple, consider the comparison of 66-72 
foot vessels operating off the coast of 
Texas (Griffin, et al., 1974) with vessels 
24 feet or less in length operating in the 
bays and rivers of Louisiana (Duffy and 
Johnson, 1977). Although both studies 
reported costs and revenues for shrimp 
vessels, meaningful conclusions cannot 
be drawn about the long-term trends in 
the fishery because no common denomi- 
nator exists between the two reports. 

Cost and revenue trends, however, are 
contained implicitly in the survey data. 
For example, changes in the cost and rev- 
enue structure of the firm from the utliza- 
tion of a new production technology 
would have been implicitly represented 
in the published survey results for that 
point in time. If these changes are as- 
sumed to affect the cost and revenue 
structures of all firms similarly, then 
these trends can be used as the common 
denominator to estimate costs and rev- 
enues based on historical data, to interpo- 
late missing values, and extrapolate fu- 
ture values. The differences in the sample 
variances of each study can be accounted 
for in a weighted least squares regression 
analysis (Draper and Smith, 1981:108- 
109). A set of equations can be estimated 
from the combined survey results 
weighted by the sample size of the study. 
Since weighted least squares corrects for 
the unequal variances of the observations 
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Table 1.—Estimated trend line equations’. 





LYR FB 


DOG DL D D1 LTP 





11.2953 


(9.609) (9.67) 


2.1833 


(5.34) (8.17) 


6.7242 


(7.90) (3.92) 


—51.8255 13.8378 


(14.42) 


—0.5743 
(2.95) 


—0.4728 


0.1754 


—0.1117 


0.1472 
(4.85) 


—0.2853 
(6.89) 


1.1702 
(34.90) 


0.2218 
(8.31) 


1.1351 
(43.90) 


0.1746 
(6.52) 


—0.3569 
(9.54) 


1.1657 
(38.35) 


0.2213 
(5.65) 


-1.4575 
(27.80) 


1.6983 
(41.06) 





1The L prefix to the variable names indicates that it has been transformed to a natural logarithm. 


YR: Year the survey was conducted. 


: Above average (1,0), average (0,0), or below average (0,1) fishing year. 
: State in which survey was conducted (Texas (1,0), Louisiana (0,1), or West coast Florida (0,0)). 
: Vessel size categories (>50 ft. (1,0), 25-50 ft. (0,0), or <25 ft. (0,1)). 


: Annual trips by vessel size category. 


: Source of trip data (NMFS data prior to 1976 (0,1), NMFS data from 1976 to 1980 (0,0), and published survey reports (1,0)). 


: Inshore vs. offshore area of vessel operations. 


in the pooled data base and the estimated 
regression equations are based on a com- 
mon probability distribution, the cost and 
revenue estimates for vessels operating in 


the Gulf of Mexico shrimp fishery are 
comparable. 


The Econometric Model 


Cost and revenue data from vessels 
participating in the Gulf of Mexico 
shrimp fishery were used in a weighted 
least squares regression analysis. To pro- 
vide a consistent set of data for estimat- 
ing cost and revenue trend lines, the sur- 
vey data were organized into categories 
reflecting total revenue (TR), the value of 
the shrimp harvested by the vessel; catch 
expense (CE), the labor component of 
variable costs that is directly related to 
the level of harvest; effort expense (EE), 
the remaining variable costs that are 
caused by the fishing activity; total vari- 
able cost (TVC), the cost that accrued to 
the firm due to the level of fishing activ- 
ity; fixed cost (FC), the overhead ex- 
pense that accrued to the firm regardless 
of the level of fishing activity; and total 
cost (TC), the sum of variable and fixed 
costs. The total revenue and catch ex- 
pense categories were adjusted for infla- 
tion to a 1977 base year by the producer 
price index (PPI) for meat, poultry, and 
fish; effort expense by the intermediate 
materials and supplies PPI; and fixed 
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costs by the agricultural machinery and 
equipment PPI. Real variable cost was 
calculated as the total of adjusted catch 
and effort expense, and real total cost 
was the sum of adjusted fixed cost and 
real variable cost. 

These real costs and revenues (depen- 
dent variables) were regressed against 
quantitative and qualitative (dummy) in- 
dependent variables (Draper and Smith, 
1981:3, 71) to explain the variation in the 
cost and revenue structure of shrimp fish- 
ing firms. The independent variables 
were created from information primarily 
provided by the published survey results 
and augmented with data collected by 
NMFS on the Gulf of Mexico shrimp 
fisheries. Based on the historic catch and 
revenue information maintained by 
NMFS for the shrimp fishery and the eco- 
nomic theory of the firm utilizing a com- 
mon property resource, a logarithmic 
functional form (Chiang, 1974:301-303)! 
for the model should provide the best 
statistical fit to the combined survey data. 
The historical information indicates that 
the mean shrimp catch appears to have 
reached a horizontal asymptote with re- 
spect to the factor inputs and technology 
used in the production process. Since 


‘Alternative inherently linear functional forms 
were also fitted to the data, but the logarithmic 
function provided the best statistical fit. 


real total revenue received by the firm is 
determined in part by the quantity pro- 
duced, the revenue trend lines should 
conform to the shape of the production 
function. The cost trend lines should also 
conform to a logarithmic functional form 
since the surveys collected cost informa- 
tion from firms that have already reacted 
to the economic signals in the market- 
place and are at or near the theoretical 
equilibrium where average cost equals 
average revenue for a common property 
resource. Even though the actual, under- 
lying cost and revenue functions are not 
estimated, both the cost and revenue 
trend lines should conform to the general 
shape of the production function con- 
straint that appears to be best explained 
by a logarithmic function. The natural 
logarithms of the dependent and indepen- 
dent variables” were used in a weighted 
least squares regression analysis, and the 
results are presented in Table 1. The co- 
efficient of determination adjusted for the 


2Since the natural logarithm of zero is undefined, 
care must be taken in transforming dummy vari- 
ables to correspond to a logarithmic function. 
The data base can be altered so that the dummy 
variables have values of 1 and 2.718 that are 
transformed by natural logarithms to 0 to 1, re- 
spectively. The resulting regression coefficients, 
however, provide the same result as that derived 
when the coefficient and the unaltered dummy 
variable data (0 and 1) are used in the trans- 
formed linear logarithmic model. 
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degrees of freedom (R?) range from 88. 1 
to 95.1 percent and the reported F statis- 
tics indicate that each equation is statisti- 
cally significant. 

The coefficients provide empirical es- 
timates of the change in costs and rev- 
enues due to a unit change in the indepen- 
dent variables. The (LYR) variable 
represents the year in which the pub- 
lished survey was conducted and has a 
Statistically significant, positive impact 
on both the level of operating costs and 
revenues. The value of the coefficient in- 
dicates the increase in the estimated value 
of revenue or cost for each one year in- 
crement in time. Since these data were 
adjusted for inflation by the PPI, the 
(LYR) variable was expected to be in- 
significant. This variable may have acted 
as a proxy variable, however, being cor- 
related with important omitted descrip- 
tive variables in the specification of the 
model. These omitted variables could be 
the actual physical quantities of the factor 
inputs consumed in the fishing operation, 
changes in the production technology, or 
changes in the stock of fish being har- 
vested. 

The qualitative variables (DG) and 
(DL) indicate the region within the Gulf 
of Mexico where the studies were con- 
ducted. If the survey was conducted for 
vessels operating out of Texas, (DG=1) 
and (DL=0); Louisiana, (DG=0) and 
(DL=1); and west coast of Florida, 
(DG=0) and (DL=0). The coefficients 
of these variables indicate that vessels 
operating out of Louisiana had lower real 
revenues and costs than vessels operating 
out of Florida or Texas. Also, Texas ves- 
sels had higher revenues and costs than 
vessels operating in Louisiana and Flor- 
ida. These variables could be reflecting 
differences between regions in vessel 
characteristics and perhaps in the size or 
species of shrimp landed. The coefficient 
of a related variable (IOS), which sepa- 
rates inshore (IOS=1) from offshore 
(ISO=0) areas of operation, indicates 
that the variable costs and the total rev- 
enue for inshore operations were lower 
than those offshore. The lower inshore 
variable costs may be caused by the 
lower catch expense, which like revenue 
would be reduced if catch rates or prices 
were lower for inshore fisheries. Since 
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these variables are highly correlated, 
suggesting the existence of multi- 
collinearity, care should be taken in inter- 
preting the individual coefficient’s effect 
on the dependent variable (Intriligator, 
1978:151-156). 

The variables (D) and (D1) separate 
the survey data into size categories re- 
flecting the reported vessel hull lengths 
of >S0 feet, (D=1) and (D1=0); be- 
tween 25 and 50 feet, (D=0) and 
(D1=0); and <25 feet, (D=0) and 
(D1=1). The estimated coefficients indi- 
cate that >50 foot vessels had higher 
costs and revenues and <25 foot vessels 
had lower costs and revenues than 25-50 
foot vessels. The change in the adjusted 
coefficient of determination (not reported 
here) indicated that the vessel length vari- 
ables explained between one-third and 
one-half of the variation in the cost and 
revenue data. Costs and revenue, there- 
fore, appear to vary more by vessel 
length than by any other independent 
variable. This may be caused by a high 
correlation between vessel length and 
other vessel characteristics, such as 
horsepower, length of trip, and amount 
of gear. 

The type of fishing year variables (FA) 
and (FB) represent above average fishing 
years, (FA=1) and (FB=0), average 
fishing years, (FA=0) and (FB=0), and 
below average fishing years, (FA=0) 
and (FB=1)°. The coefficient for (FB) 
suggests that total revenue falls in below 
average fishing years probably as a result 
of declines in catch, price per pound 
landed, or some combination of both. 
The increase in effort expense may be the 
result of attempts by fishermen to main- 
tain their market share of the harvest. The 
decline in variable costs probably results 


3The type of fishing year was based on the total 
value of the shrimp landed. An above average 
fishing year was determined to be a shrimp har- 
vest valued in excess of $250 million, an average 
fishing year had a value between $100 and $250 
million, and a below average year was valued at 
less than $100 million in constant dollars with a 
1977 base year. These categories were chosen 
after considering both the biological and eco- 
nomic conditions existing during years that in- 
dustry analysts indicated were above average, 
average, and below average. A year when 
pounds landed were low, for example, could still 
be above average if prices were exceptionally 
high. 


from a decline in the catch expense that 
would occur for reasons similar to the 
decline in total revenue. The (FA) vari- 
able was insignificant in all equations ex- 
cept for the fixed cost equation, which is 
discussed subsequently. 

The (LTP) variable indicates the aver- 
age number of trips made per year by 
vessels of lengths corresponding to vari- 
ables (D) and (D1). The average trips per 
year variable (LTP) had a positive impact 
in the equations, suggesting that both 
revenues and variable costs increase as 
the number of trips increase with rev- 
enues increasing slightly faster than 
costs. Variables (TD) and (SD) indicate 
the source of this average trip per year 
data. If the data were provided in the sur- 
vey reports, (TD=1) and (SD=0); from 
NMFS census data prior to 1976, 
(TD=0) and (SD=1); and from NMFS 
survey data from 1976 to 1980, (TD=0) 
and (SD=0). The coefficients of these 
variables indicate that the trip data in the 
cost and returns surveys are statistically 
different from the NMFS data. This may 
have occurred because the NMFS aver- 
age trips reflects the entire fleet of shrimp 
vessels in the Gulf of Mexico rather than 
the annual number of trips in the pub- 
lished surveys collected from only the 
surveyed vessels. 

Because fixed costs accrue regardless 
of the level of output, none of the inde- 
pendent variables in the fixed cost equa- 
tion should have been significant. Fixed 
cost should be a function of vessel age, 
interest rate on the construction loan, in- 
surance, depreciation, and overhead. The 
statistical significance of these misspeci- 
fied variables may be caused by a high 
correlation with the omitted variables in 
the model specification. For example, 
the (LYR) variable would be highly cor- 
related with the entry of new shrimp ves- 
sels into the fishery. These new vessels 
would have higher fixed costs of opera- 
tion caused by higher construction loan 
interest rates and construction costs. Un- 
fortunately, the survey results do not pro- 
vide sufficient information on these omit- 
ted variables to include them in the 
model. 


Discussion 
A model with a good siatistical fit is 
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Table 2.—Estimated cost and return values". 
Texas Louisiana 
>50’ 50’ - 25’ <25’ >50’ 50’ - 25’ <25’ >50’ 


Offshore vessels for 1971 
$96,817.00 $31,194.90 $5,564.90 $62,826.60 $20,243.00 $3,611.20 $83,565.50 
$36,008.80 $11,698.40 $5,161.70 $13,190.20 $4,313.00 $2,433.00 $31,683.80 
~ $37,355.10 $12,005.80 $2,813.70 $29,925.50 $9,617.90 $2,254.10 $29,925.50 
$73,363.90 $23,704.20 $7,975.40 $43,115.70 $13,930.90 $4,687.10 $61,609.30 
$18,468.50 $3,595.80 $462.10 $3,445.90 $670.90 $86.20 $14,801.40 
$91,832.40 $27,300.00 $8,437.50 $46,561.60 $14,601.80 $4,773.30 $76,410.70 
$4,984.60 $3,894.90 ($2,872.60) $16,265.00 $5,641.20 ($1,162.10) $7,154.80 
0.95 0.88 1.52 0.74 0.72 1.32 0.91 











Offshore vessels for 1972 

$113,644.30 $36,991.30 is $73,746.20 $24,004.40 Z $98,089.50 
$42,298.80 $13,987.80 i $16,639.70 $5,579.00 . $37,010.90 
$38,513.40 $12,378.10 E $30,853.40 $9,916.20 i $30,853.40 
$80,812.20 $26,365.90 870. $47,493.10 $15,495.20 Y $67,864.30 
$22,515.00 $4,457.90 $4,201.00 $831.80 : $18,044.50 
$103,327.20 $30,823.80 $51,694.10 $16,327.00 ; $85,908.80 
$10,317.10 $6,167.50 $22,052.10 $7,677.40 : $12,180.70 
0.91 0.70 0.68 1.2 0.88 


Offshore vessels for 1973 

$81,553.70 . d $52,921.90 $16,860.20 $70,391.30 

$28,930.30 i i $8,083.60 $2,517.20 $27,803.50 
$47,298.50 is h $37,891.20 $12,178.10 $37,891.20 $12, 178. 10 
$76,228.80 J i $45,974.80 $14,695.30 5 $65,694.70 $20,998.60 
$26,619.90 é $653. $4,966.90 $949.20 J $21,334.40 $4,077.10 
$102,848.70 i .70 $50,941.70 $15,644.50 J $87,029.10 $25,075.70 
($21,295.00) ($4,110.10) P $1,980.20 $1,215.70 X ($16,637.80) ($2,649.90) 
1.26 1.16 H 0.96 0.93 1.68 1.24 1.12 


Offshore vessels for 1974 
$92,463.40 $30,000.30 ° $60,001.50 $19,467.80 Sd $72,807.70 $25,894.10 
$34,765.00 $11,496.00 7 $10,032.90 $3,414.10 q $31,079.00 $10,259.60 
$48,724.60 $15,659.90 ‘ $39,033.70 $12,545.30 i $39,033.70 $12,545.30 
$83,489.60 $27,155.90 . $49,066.60 $15,959.40 x $70,112.70 
$30,702.10 $6,046.70 $5,728.60 $1,128.20 ; $24,606.00 
$114,191.70 $33,202.60 i $54,795.20 $17,087.60 iy $94,718.70 


($21,728.30) ($3,202.30) ‘ $5,206.30 $2,380.20 P ($14,911.00) 
1.23 1.11 1.85 0.91 0.88 1.59 1.19 


Offshore vessels for 1975 
$95,479.40 $31,500.00 : $61,958.60 x . $82,410.90 
$31,381.20 $10,827.10 3 $7,734.90 4 ‘ $28,293.30 $9,715.90 
$50,173.70 $16,125.60 } $40,194.60 ; é $40,194.60 $12,918.40 
$81,554.90 $26,952.70 . $47,929.50 i J $68,487.90 $22,634.30 
$30,377.10 149. . $5,667.90 f J $24,345.50 $4,928.60 
$111,932.00 3 . $53,597.40 987. 476. $92,833.40 $27,562.90 
($16,452.60) : . $8,361.20 i 830. ($10,422.50) ($374.40) 
1.17 1 1.75 0.87 i 1.50 1.13 1.01 


Offshore vessels for 1976 
$109,683.00 : k $71,175.60 $24,838.50 5 $94,960.50 $33,037.60 
$40,539.00 319. 5 $14,575.50 $6,030.50 ‘ $35,715.60 $13,403.40 
$43,338.90 . F $34,719.20 $11,158.60 615. $34,719.20 $11,158.60 
$83,877.90 : § $49,294.70 1189. 5 $70,434.80 $24,562.00 
$25,552.30 ,675.. } $4,767.70 $1,058.90 E $20,478.70 $4,548.30 
$109,430.20 i $10,570.00 $54,062.40 $18,248.00 } $90,913.50 $29,110.30 
$252.80 : ($3,741.80) $17,113.20 $6,590.50 i $4,047.00 $3,927.30 
1.00 ~ 1.55 0.76 7 W 0.96 


Offshore vessels for 1977 
$121,544.30 ¥ $7,493.90 $78,872.70 $27,260.10 A $104,908.30 
$43,179.40 4 $15,859.50 $6,340.50 x $37,985.40 
$35,724.40 $11,481.70 f $35,724.40 
$51,583.90 $17,822.20 y $73,709.80 
$5,308.60 $1,160.40 : $22,802.30 
$56,892.50 $18,982.60 $96,512.10 
$21,980.20 $8,277.50 $8,396.20 
0.72 0.70 0.92 


Offshore vessels for 1978 
$140,549.90 830. ‘ $91,205.80 $29,740.60 905. $121,312.50 
$49,861.00 544, 071. $19,514.30 $6,576.80 
$45,867.80 741, . $36,745.20 $11,809.80 
$95,728.80 285. * $56,259.50 
$34,013.40 754. $868. $6,346.40 
$129,742.20 t 394, $62,605.90 
$10,807.70 790. ($3,218.50) $28,599.90 
0.92 .83 1.39 0.69 
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Table 2.—Estimated cost and return values'—Continued. 
Loulet 
>50’ 50’ - 25’ 


Offshore vessels for 1979 
$168,822.00 $42,221.80 
$58,451.80 $12,267.50 
$37,781.50 $12,142.80 
$96,233.30 $24,410.30 
$16,500.00 $2,115.10 
$112,733.30 $26,525.40 
$56,088.70 $15,696.40 
0.67 0.63 








>50’ <25' >50’ <25’ 





$260,157.90 
$116,585.00 
$47,161.50 
$163,746.50 
$88,431.50 
$252,178.00 
$7,979.90 
0.97 


$11,606.90 
$10,422.40 
$3,552.40 
$13,974.80 
$1,456.70 
$15,431.50 
($3,824.60) 
1.33 


$224,549.50 
$99,729.10 
$37,781.50 
$137,510.60 
$70,872.80 
$208,383.40 
$16,166.10 
0.93 


$10,018.20 


$12, 193.50 
0.78 


Offshore vessels for 1980 
$132,870.40 
$33,878.10 
$38,833.50 
$72,711.60 
$18,597.50 

$15,117.50 $91,309.10 $183,868.10 $46,312.10 

$6,745.80 ($3,930.90) $41,561.30 ; ($7,137.60) $7,813.40 

0.89 1.35 0.69 Y .10 1.04 0.86 


$204,755.80 
$75,350.50 
$48,474.70 
$123,825.20 


$11,186.60 
$9,172.70 
$3,651.30 
$12,824.00 


$176,730.50 
$65,152.10 
$38,833.50 
$103,985.60 
$79,882.50 


$54,125.50 
$19,527.40 
$12,480.90 
$32,008.30 
$14,303.80 


$9,655.50 


$2,925.10 
$10,769.30 
$1,838.10 
$12,607.40 

($2,951.90) 
1.31 


$99,673.20 847. $2,293.50 
$223,498.40 
($18,742.60) 
1.09 





‘These estimated values are calculated from the regression equations in Table 1 using NMFS trips data rather than the trips reported in the published surveys. This table provides 
interpolative information not found in the published reports and the real cost and revenue estimates for different years, regions, vessel sizes, and areas of are . Catch 
expense is calculated by subtracting the estimated effort expense value from the estimated total variable cost value for a given state and size category. Total cost is calculated by adding 
the estimated values for total variable cost and fixed cost. Profit is the difference between estimated total revenue and total cost. The relative cost index is calculated by dividing estimated 
values of total cost by total revenue. It provides a of the direction and magnitude of the change in operating costs relative to revenue. An increase in relative costs can occur 
from either an absolute increase in costs with revenues held constant or an absolute decrease in revenue with costs held constant. When the relative cost index is >1.00, relative costs 
have increased; when it is = 1.00 there is no change in relative costs; and when it is <1.00, relative costs have declined. Although a relative revenue index (7R/TC) would provide the 





same type of information, a relative cost index (TC/TR) is conceptually easier to convert to a profit rate 


than is a relative revenue index 


further enhanced when it conforms to 
what is known about the economics of 
the industry in both applied and theoreti- 
cal terms. The independent variables in 
this model specification account for the 
known trends in cost and revenue and can 
be relied upon to provide fairly accurate 
aggregate estimates for the financial per- 
formance of firms in the Gulf of Mexico 
shrimp fishery. 

The unexplained variance in the re- 
gression equations may be due to some 
violation of the implicit assumptions 
used in developing the model. The ves- 
sels surveyed were assumed to be inde- 
pendent, owner-operated, single species 
fishing firms operating competitively. 
Some of the surveyed vessels, however, 
may actually be multiple species, verti- 
cally or horizontally integrated, 
nonowner-operated fishing firms that do 
not conform to these assumptions. These 
fishing firm ownership types could each 
have a different cost-revenue structure 
associated with it. For example, a verti- 
cally integrated firm could operate its 
fishing vessels at a loss to maximize prof- 
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= (TR — TC)/TR = [(1 — TC/TR) x 100] 


= (1 — 14 TR/TC)) x 100). 


its at some other level within the firm. 
Without information from the surveys on 
the organization of the firm, the remain- 
ing variation could not be accounted for 
in the model specification. 

The estimated real costs for fishing 
firms operating in the Gulf of Mexico 
shrimp fishery have increased from 1971 
to 1980 (Table 2). Real revenues have 
also increased over this time period re- 
sulting in only 3 years (1973, 1974, and 
1975) when the weighted average rela- 
tive cost index for regions, vessel sizes, 
and areas of operation indicates that 
losses have occurred (Table 3). The rela- 
tive cost index number of 0.921, 
weighted for all vessel sizes, years, re- 
gions, and areas of operation, indicates 
that the fishery has been profitable (7.9 
percent rate of return over total costs; see 
footnotes to Table 2) for firms during the 
1971-80 time period. 

The firms with the best financial per- 
formance, lowest relative cost index in 
Table 2, were the 25-50 foot vessels. The 
financial performance of this size vessel 
may have resulted from economies of 


Table 3. of the Relative Cost 
Index to the size of the offshore fishing fleet. 


Number of vessels 
reported in the 
Gulf of Mexico 
shrimp fishery 

3,487 
3,683 
4,091 
3,785 
3,690 
4,177 
4,335 
4,607 
5,051 
5,107 
5,205 











scale in the fishing operation and from 
increased operating flexibility that allows 
these vessels to operate both inshore and 
offshore as conditions in the fishery dic- 
tate. Larger and smaller vessels may be 
less efficient in utilizing the factor inputs 
in the fishing process and also may not be 
able to take advantage of better fishing 
conditions outside their fishing areas. 
The vessels <25 feet in length operating 
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out of Texas, Louisiana, and Florida 
ports take a higher proportion of their 
total revenue in terms of catch expense 
(wages, salaries, packing fees, etc.) than 
the larger vessels. This may have resulted 
from the smaller vessels being one-man, 
part-time operations with fishermen 
wishing to make a higher relative income 
in the short run. Large vessels had their 
best financial performance operating out 
of Louisiana. Only in Louisiana did large 
vessels make a profit in inshore opera- 
tions; Louisiana large vessels had a rela- 
tive cost advantage in offshore opera- 
tions. 

When the weighted relative cost index 
for the offshore fleet was compared to the 
number of vessels operating in the Gulf 
of Mexico shrimp fishery (Table 3) as a 
measure of fishing effort, declines in the 
relative costs of fishing were usually ac- 
companied in the next year by an increase 
in the number of vessels operating in the 
fishery. Increases in the relative cost 
index were followed in the next year by 
declines in the number of vessels. For 
example, the 1973 relative cost index of 
1.1830 indicates operating costs were 18 
percent higher than revenues, and fishing 
firms experienced a financial loss 
(profit = (I1-7C/TR) xX 100 = 
(—0.1830) x 100 = —18.30 percent) 
that was followed in 1974 by a decline in 
the number of operating vessels. The real 
costs and revenues, therefore, appear to 
be acceptable estimates of the financial 
condition of fishing firms operating in the 
Gulf of Mexico fishery. 

The close relationship between the 
fishing firms relative cost index and the 
number of vessels in the Gulf of Mexico 
shrimp fishery (r = —0.46) suggests that 
the financial condition of the firm rather 
than the fisherman’s personal income de- 
termines whether fishing effort increases 
or declines. The profit maximizing ob- 
jective of the firm would, therefore, be of 
secondary importance relative to the ob- 
jectives of minimizing the entrance of 
new fishing firms or of maintaining or 
improving its relative market share of the 
shrimp resource. The firm’s failure to 
maximize profit, however, could result 


in a nonoptimal allocation of resources 
for the industry. 


Conclusions 


Since detailed cost data are not rou- 
tinely collected and the published survey 
data from various sources are not easily 
compared, trends in costs and revenues 
for the Gulf of Mexico shrimp fishing 
fleet cannot be readily determined. A 
consistent data set for comparing vessel 
operating costs and revenues between 
states, vessel sizes, and years was esti- 
mated using weighted least squares re- 
gression analysis. Differences in the 
sample variance between the published 
cost and revenue data caused by time, 
type of survey, region surveyed, vessel 
size, sample size, or area of operation are 
accounted for in the econometric model. 
The coefficient of determination adjusted 
for the degrees of freedom (r’) and the F 
statistic (Table 1) indicate that the model 
specification provides a good statistical 
fit to the survey data. 

The cost and revenue estimates sug- 
gest that fishing firms in the Gulf of Mex- 
ico shrimp fishery have generally been 
profitable over the time period of the 
analysis, exclusive of opportunity costs. 
Medium sized vessels (25-50 feet) exhib- 
ited the best financial performance. 
Smaller vessels (<25 feet) took a larger 
proportion of total revenue as catch ex- 
pense. Of the states included in the analy- 
sis, vessels in Louisiana for all size 
classes seemed to have a relative cost ad- 
vantage. Comparisons of the relative cost 
index and the number of vessels reported 
operating in the Gulf of Mexico shrimp 
fishery suggest that these cost and rev- 
enue trends are indicative of changes in 
fishing effort levels. 
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Changes of Myofibrillar Proteins and Texture in Freshwater 
Prawn, Macrobrachium rosenbergii, During Iced Storage 


Introduction 


Shelf life of ice-chilled freshwater 
prawn, Macrobrachium rosenbergii has 
been reported to be 3-4 days with devel- 
opment of mushiness at the proximal end 
(Sidwell, 1977; Nip et al., 1985a). Mi- 
crostructural changes as related to devel- 
opment of mushiness has been demon- 
strated (Nip and Moy, 1988). Proteolysis 
of muscle proteins by proteolytic and/or 
collagenolytic enzymes has been postu- 
lated as the main mechanism which con- 
tributes to postmortem mushiness in 
freshwater prawn (Rowland et al., 1982; 
Baranowski et al., 1984; Nip et al., 
1985b; Premaratne et al., 1986). How- 
ever, the nature of this protein degrada- 
tion is not fully understood. Reports on 
changes of prawn/shrimp protein compo- 
nents have been very limited. Wong 
(1982) studied the microstructural 
changes in muscles in penaid shrimp dur- 
ing iced storage and demonstrated myo- 
fibrillar breakdown, especially Z-lines 
and sarcoplasmic reticular degradation. 

Objective/instrumental methods have 





ABSTRACT—Changes in myofibrillar 
proteins and texture of freshwater prawn, 
Macrobrachium rosenbergii, during 14-day 
iced storage were studied. Degradation of 
myofibrillar proteins with 113,000, 
103,000, and 80,000 daltons and an in- 
crease of 25,000 and 31,000 dalton protein 
subunits were observed during iced storage 
of the prawns. Significant changes in tex- 
ture of the ice-stored and cooked prawn 
muscle were demonstrated. Relationship of 
myofibrillar protein degradation and tex- 
tural changes are discussed. 
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been used successfully in assessing the 
textural quality in shrimp and prawn (Ma 
et al., 1983; Soo and Sander, 1977; 
Ahmed et ai., 1972; Angel et al., 1985; 
Tillman and Finne, 1983; Waters and 
Hale, 1981; Nip and Moy, 1981). Nip et 
al. (1985b) reported that the texture, as 
measured by the PEP Texture Tester! 
(PEP Co., Houston, TX), showed signif- 
icant softening with ice chilling time and 
was related to the mushiness problem in 
M. rosenbergii. 

Relationship on_ structural protein 
degradation and textural changes in 
prawn or shrimp has not been reported. 
The purpose of this study was to investi- 
gate the degradation of myofibrillar 
proteins and the textural changes in fresh- 
water prawn, M. rosenbergii, and their 
relationship during iced storage. 


Materials and Methods 
Muscle Samples 


Freshly harvested live prawns averag- 
ing 78 g in weight and 200 mm in length 
(tip of rostrum to tip of telson) were ob- 
tained from a local (Honolulu, Hawaii) 
market and held in a tank with running 
tap water overnight at ambient tempera- 
ture (20°-23°C). The prawns were killed 
by placing them in an ice slurry. Upon 
death, whole prawns were stored in slush 
ice in an insulated container at 0°C. After 
0, 1, 3,5, 7, 10, and 14 days of storage, 
the abdomen (tail) muscle was separated 
from the shell and head and then sec- 


3Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


tioned. After a brief washing with dis- 
tilled water, the first proximal segment 
(section in the vicinity of the stomach) 
and/or the third proximal segment (the 
third section away from the stomach) 
from three prawns were pooled and sub- 
ject to protein extraction. 


Protein Extraction 


The first and third segments from the 
prawns stored for 0, 1, 3, 5, 7, and 14 
days were subject to myofibrillar isola- 
tion according to the procedure of Olson 
et al. (1977). Myofibril suspensions were 
then brought to 50 percent glycerol (w/w) 
and placed in the freezer at —20°C for 
2-14 days. At the end of the iced storage 
period, the myofibril suspensions were 
analyzed within 2-3 days. 

Protein Determination 

The protein concentrations of all sam- 
ples were determined according to the 
Bio-Rad Protein Assay (Bio-Rad Lab., 
Richmond, Calif.) with bovine gamma 
globulin as the standard. 


Protein Electrophoresis 


Polyacrylamide gel electrophoresis 
was performed in the presence of sodium 
dodecyl sulfate (SDS) according to the 
preedures of Porzio and Pearson (1977) 
except that a Bio-Rad Protean slab gel 
was used rather than a rod gel. The 
marker dye was 0.005 percent bro- 
mophenol blue. 

A 26 wg protein sample extracted from 
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the prawn muscles stored for 0, 1, 3, 7, 
and 14 days at 0°C was applied to each 
sample well. A Bio-Rad silver staining 
kit (Bio-Rad Lab., Richmond, Calif.) 
was used to stain the slab gels. 


Textural Changes 


The prawn samples obtained from the 
same source (killed and stored in similar 
manner as described above for 0, 1, 3, 5, 
7, and 14 days at 0°C) were cooked in 
boiling water for 5 minutes. After the 
heads and shells were removed, the first 
and third segments were further sec- 
tioned into halves parallel with the mus- 
cle fibers. Another set of prawn samples 
was treated as described above except for 
the heat treatment. 

The PEP Texture Tester equipped with 
a standard multiple-blade shearing cell 
was used to measure forces required to 
shear individual samples. Each sample 
was placed on the platform so that the cut 
face was made contact with the stationary 
shearing cell and the muscle fibers were 
perpendicular to the moving cell. Data 
were recorded as the force-distance curve 
and total integrated work (force-distance) 
required to compress, shear, and push the 
sample through (a combination of adhe- 
sive and cohesive forces is encountered 
as the sample is pushed through the sta- 
tionary cell). There were 10-24 replicates 
for each treatment. 

Statistical analyses (i.e., the analysis 
of variance, correlation coefficients, and 
regression analysis) were conducted on 
the textural measurement data to deter- 
mine the significance of textural changes 
in M. rosenbergii during cold storage. 


Results and Discussion 


SDS-PAGE of 
Myofibrillar Proteins 


The results of SDS-PAGE of my- 
ofibrillar proteins from the first segment 
of prawn stored for various periods at 0°C 
are shown in Figure 1. An identical pat- 
tern was obtained for the third segment. 

Extensive protein degradation oc- 
curred during 14 days of iced storage 
(Fig. 1): The decrease in intensity of the 
113,000 and 80,000 dalton subunits dur- 
ing the 14-day iced storage and a com- 
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Figure 1.—The effects of iced storage on the electrophoretic patterns of my- 
ofibrillar proteins extracted from the first segment of the freshwater prawn. 


plete dissolution of a-actinin (103,000 
daltons) after 3 days of iced storage (Fig. 
1). 

Myosin heavy chains have been 
known to be very stable myofibrillar 
components. Degradation of this compo- 
nent has been reported only under 
specific or controlled conditions, such as 
at an acidic pH to investigate lysosomal 
proteolytic reaction (Dutson, 1982), at a 
high temperature to study the nature of 
major contractile proteins (Betchel and 


Parrish, 1983) or from a specific animal 
such as the squid (Stanley and Hultin, 
1984). The gradual disappearance of 
these heavy chain subunits implies the 
existence of a highly-active enzyme sys- 
tem in the freshwater prawn during iced 
storage. 

The protein a-actinin and its post- 
mortem changes are also known to be 
barely detectable. Studies have shown 
that a-actinin is released from the Z-line 
as a result of partial degradation of my- 
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Figure 2.—The effects of iced storage and subsequent heat treatment on the 
texture (firmness or softness expressed as the total work required for shearing 
a given sample in a PEP Texture Tester) of different segments of the freshwater 
prawn tail muscle. Each point represents a mean of 10-24 replicates. 


ofibril caused by a calcium-activated en- 
zyme (Dayton et al., 1976, Nagainis and 
Wolfe, 1982). This phenomenon has 
been considered as one of the most im- 
portant events that cause myofibril frag- 
mentation. Observations on the dissolu- 
tion of a-actinin are quite limited: A very 
slight decrease during the postmortem 
storage of bovine muscle (Goll et al., 
1977) or the occurrence of dissolution at 
37°C (Betchel and Parrish, 1983). 

In this study, the disappearance of the 
a-actinin band after 3 days of cold stor- 
age is a significant observation and is in 
agreement with the microstructural 
changes in ice-chilled prawn (Nip and 
Moy, 1988). This postmortem change in 
the freshwater prawn might be useful in 
determining its storage history when it is 
iced. 

An increase in intensity of bands with 
25,000 and 31,000 daltons during iced 
storage was clearly demonstrated (Fig. 
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1). The increase in these lower molecular 
weight proteins corresponds to the de- 
crease in the higher molecular weight 
proteins. 

From this experiment, it is apparent 
that extensive myofibrillar protein degra- 
dation occurs during the first few days of 
iced storage. 


Texture Measurements 


The results of texture measurement are 
shown in Figure 2, demonstrating signifi- 
cant differences (P=0.01) between the 
cooked segments and among the days of 
iced storage. 

Maximum firmness of cooked prawn 
tissues can be obtained right after death 
(Fig. 2). Both the raw and cooked sam- 
ples of the first segment are softer than 
those of the third segment (Fig. 2). The 
rate of textural deterioration in the 
cooked prawn tissues is higher in the first 
segment than the third segment by about 


9 percent (Fig. 2). The cooked prawn tis- 
sues lose an average of 11 percent of their 
original firmness during the first 4 days 
of iced storage, as measured by the PEP 
Texture Tester (Fig. 2). This is consider- 
ably less than that reported by Waters and 
Hale (1981). 

The textural change is clearly related 
to the myofibrillar protein degradation 
reported in the previous sections. The de- 
crease in work (force-distance) values 
during the first 3 days (Fig. 2) coincides 
with the complete dissolution of the 
a-actinin (103,000 daltons) (Fig. 1). The 
change of texture deterioration after 7 
days also coincides with the complete 
disappearance of the 80,000-dalton band. 

The results of statistical analyses show 
significant correlations between the dif- 
ferences of cooked muscle texture and 
the duration of iced storage: r= —0.96 
and r = —0.98 for the first and third seg- 
ments, respectively. 

These results strongly imply the di- 
minishing effect of the degraded 
proteins, which contribute to mechanical 
strength, and in part in a consequence of 
the proteolytic reaction during iced stor- 
age. 
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NOAA/NMFS Developments 


U.S. and Canada Sign 
Free Trade Agreement 


On 4 October 1987, trade representa- 
tives of the United States signed an his- 
toric trade agreement with Canada. The 
primary objective of the Free Trade 
Agreement (FTA) is the eventual elimi- 
nation of bilateral tariffs within 10 years, 
beginning | January 1989. The FTA, 
also addresses specific trade issues, af- 
fecting agriculture, alcoholic beverages, 
energy, automobiles, services (e.g., 
telecommunications), financial services, 
investment, intellectual property, culture 
(e.g., printed and recorded material), 
customs procedures, government pro- 
curement, personnel movement, product 
standards, and import safeguards. 

With respect to the elimination of 
duties, products have been assigned to 
one of three tariff elimination categories: 
1) Immediate, 2) 5-years (20 percent/ 
year), and 3) 10-years (10 percent/year). 
Most tariffs on fish and fish products fall 
within the 10-year schedule. Table | lists 
some of the seafood items for which U.S. 
tariffs are scheduled for elimination. 

Under the agreement, Canada agreed 
to make permanent its current policy of 
not screening new U.S. business invest- 
ments and to reduce screening of direct 
acquisitions. This provision should facil- 
itate U.S. investment in fish processing 


and brokerage facilities in Canada. The 
agreement also addresses the issue of 
government procurement by eliminating 
many “buy national” restrictions and by 
lowering from $171,000 to $25,000 the 
threshold at which open and competitive 
procedures, as specified under GATT’s 
Government Procurement Code must be 
followed. This provision will not affect 
the purchase of fish and fish products 
through human feeding prog” ams like the 
surplus commodity program (section 32) 
of the U.S. Department of Agriculture. 
However, stiffer competition may de- 
velop in the procurement of fish and fish 
products in Defense Department food ac- 
quisition programs. 

The ag*eement also establishes special 
safeguards designed to protect industries 
from injury by import competition. If the 
FTA duty reductions cause injury, the 
preagreement duty may be reinstated. 
Section 201 import relief will still be 
available to industries injured by global 
imports except that each side will exclude 
the other from such actions unless its im- 
ports are substantial and are found to 
“contribute importantly” to the injury. 

The treatment of subsidies and dump- 
ing (U.S. antidumping and countervail- 
ing duty laws) was one of the most sensi- 


Table 1.—Some seafood items for which U.S. tariffs will be eliminated. 





Rate 





10 Tunas and skipjack, whole or in pieces, 


1.1 
4.134/k 


20 Tunas and skipjack, not in oil, in airtight containers 
30 Tunas and skipjack, not in oil, in airtight containers 
40 Tunas and skipjack, not in airtight containers 
50 Tunas and skipjack, not in airtight containers 
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tive and contentious issues in the 
negotiations. Both parties have agreed to 
retain existing national laws and proce- 
dures dealing with subsidies and dump- 
ing. However, both parties did agree to a 
special binational dispute settlement 
panel which will replace review by the 
courts. The panel will apply existing ju- 
dicial standards of the importing country 
and decision of the Commerce Depart- 
ment and International Trade Commis- 
sion can be overturned by the panel if 
decisions are not supported by substantial 
evidence or not in accordance with U.S. 
law. 

According to figures released by the 
Office of the U.S. Trade Representative, 
Canada exported to the United States a 
total of $19 billion in dutiable goods out 
of a total of $68.4 billion in exports to the 
U.S. Conversely, the United States ex- 
ported a total of $54 billion to Canada, of 
which $13.5 billion was dutiable (1985 
figures). In terms of fish and fish prod- 
ucts, the United States exported a total of 
$116 million of edible fishery products to 
Canada while Canada exported about $1 
billion in edible fishery products to the 
United States. 

The United States represents a large 
market outlet for Canadian fishery prod- 
ucts while Canada represents a relatively 
small market for U.S. fishery products. 
The liberalization of tariff and trade mea- 
sures should increase the flow of fish and 
fish products across the U.S.-Canada 
border; however, given available mar- 
kets, imports from Canada should show 
relatively larger increases over the 10- 
year tariff reduction period. The FTA 
may enhance the position of certain U.S. 
fishery brokers dealing in Canadian prod- 
ucts as well as U.S. processing firms 
with investments in Canada and those 
U.S. processors dependent on _ the 
availability of raw product from Canada. 
The President notified the U.S. Congress 
of his intention to enter into the Free 
Trade Agreement on 5 October 1987. 
The President then had 60 days (by 5 De- 
cember 1987) to transmit the full agree- 
ment to the Congress. In turn, Congress 
then had 60 days in which to either ap- 
prove or disapprove of the FTA on an up 
or down vote (no amendments). 





Multispecies Plan Is 
Extended in New England 


Richard B. Roe, Regional Director of 
the National Marine Fisheries Service 
(NMFS), announced the approval of the 
New England Fishery Council’s Amend- 
ment | to the Northeast Multispecies Plan 
which took effect 1 October 1987 and 
extended the Plan indefinitely. Revisions 
to conservation measures in the Amend- 
ment will provide greater protection to 
multispecies stocks. Roe said that this de- 
cision implements the foundation of mea- 
sures which the Council and NMFS can 
use to rebuild stocks and revitalize the 
fisheries. 

The Regional Director stated that re- 
strictions endured now may reward us 
someday with a return to the abundant 
stocks of the past. Over time, as changes 
and other improvements to the Plan 
occur, the best of science, knowledge- 
able fishery advisors, and experienced 
fishery managers will be embodied. The 
changes are as follows: 


Amendment | revisions to 
the Multispecies regulations. 


1) Permits: Permits now expire each 
year on 31 December. It is the vessel 
owner’s responsibility to renew the per- 
mit each year; however, vessel owners 
will be informed by the National Marine 
Fisheries Service (NMFS) when it is time 
to renew. 

2) Relationship to state laws: Provi- 
sions have been included that preserve 
the states’ rights to establish management 
measures which are more restrictive than 
Federal measures. This means that when 
state or local regulations differ from Fed- 
eral regulations, the permitted vessel 
must comply with the more restrictive re- 
quirement. 

3) Import prohibitions: It is unlawful 
to import regulated species (cod, had- 
dock, pollock, witch flounder, yellowtail 
flounder, American plaice, and winter 
flounder) which do not meet the mini- 
mum length requirements (see no. 8). 

4) Southern extension of the large 
mesh area: The regulated large-mesh area 
southern boundary is adjusted as follows: 
Between long. 69°40’W. and 69°00’W.., 
the boundary runs along Loran C 43400; 
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between long. 69°00’W. and 68°00’W., 
the boundary runs along Loran C 43450; 
the remainder of the boundary remains 
unchanged and runs along Loran C 
43500. 

5) Mesh: The regulated mesh size of 
54 inches for mobile gear now must ex- 
tend at least 75 continuous meshes for- 
ward of the aft end of the cod end. The 
one-mesh-on-deck provision is inter- 
preted to mean that small mesh stowed 
and lashed down, or stored on net reels 
covered and secured, or nets on vessels 
which have towing wires detached from 
the gear, are deemed not available for 
immediate use, and is in compliance with 
the regulation. The Council and NMFS in 
consultation with the Atlantic States 
Marine Fisheries Commission may per- 
mit the use of certain selective shrimp 
fishing gear, with the intention that the 
gear may reduce juvenile finfish mortal- 
ity that occurs in that fishery. 

6) Closed areas: The dimensions of 
haddock spawning closed area 1 are 
changed by eliminating the portion west 
of long. 69°00’W. and north of lat. 
41°30’N. The area is likely to be adjusted 
further in the future, by covering more 
ground to the south and east where 
spawning haddock are located. Scallop 
dredge gear is prohibited in the southern 
New England closed area. Hook-and-line 
gear is allowed, but yellowtail flounder 
may not be retained. 

7) Exempted (small mesh) fishery 
program: The December/January whiting 
fishery is limited to the portion of the 
exempted fishery area which is west of 
long. 69°00’'W. The June through 
November period no longer allows the 10 
percent limit of multispecies to be based 
on all landed species. The percentage 
now is based on dogfish, herring, mack- 
erel, ocean pout, red hake, silver hake, 
and squid. The December through May 
herring and mackerel exempted fishery is 
eliminated. Midwater trawling is possi- 
ble for these species during this period, 
but under a special permit and with only 
1 percent multispecies by-catch. 

8) Minimum fish size: Effective 1 Oc- 
tober 1987 the minimum fish size for 
commercially caught cod, haddock, and 
pollock is 19 inches; for recreationally 
caught cod and haddock it is 17 inches. 


Minimum sizes for American dab, witch, 
and winter and yellowtail flounders re- . 
main unchanged. For further informa- 
tion, contact Peter D. Colosi at (617) 
281-3600 or Guy Marchesseault at (617) 
835-8457. 


Penguin Bank Target of 
Oceanographic Survey 


Understanding how an underwater fea- 
ture, such as Hawaii’s Penguin Bank, 
might influence the physical and chemi- 
cal properties of seawater was the goal of 
scientists from the National Marine Fish- 
eries Service’s Honolulu Laboratory and 
University of Hawaii (UH) Department 
of Oceanography during a late 1987 
oceanographic survey aboard the NOAA 
ship Townsend Cromwell . Such informa- 
tion may ultimately lead to a better 
understanding of how this bank sustains 
an environment for bottom fisheries, ac- 
cording to Richard S. Shomura, Labora- 
tory director. These bottom fisheries, 
particularly those for opakapaka and 
other deep-sea bottom fishes, are of con- 
siderable local importance. 

Penguin Bank is an elevated, flattop 
rise extending some 30 n.mi. off the west 
side of Molokai. The bank’s summit lies 
150-180 feet below the sea surface, en- 
compassing an area of some 450 n.mi.” 
During the survey, scientists tracked a 
current drifter to ascertain the direction 
and intensity of subsurface current flow 
over the bank. While following the 
movement of the current drifter, they col- 
lected water samples from various depths 
for later analyses to determine whether 
chemical properties of seawater change 
as a water mass passes over the bank. An 
example of a possible change in seawater 
may involve an increase in nutrients over 
the bank due to upwelling tidal currents. 

Scientists also deployed and retrieved 
sediment traps moored to the northern’ 
slope of Penguin Bank. Sediment traps 
collect particulate matter which slowly 
sink down through the water column 
from the overlying water layers. This 
particulate matter may consist of live 
planktonic organisms, remnants of dead 
organisms, or by-products from live or- 
ganisms. The array moored at Penguin 
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Bank had a series of 12 sediment traps at 
each of seven depth layers sampled. Typ- 
ically sediment traps are used in the open 
ocean and allowed to drift freely. The 
anchored sediment trap array at Penguin 
Bank represented one of only a few in- 
stances in which a bank environment was 
examined in this manner. Data obtained 
from these sediment traps will provide 
information on both surface productivity 
over the bank and the rate at which or- 
ganic matter is descending to the bottom. 
Other operations conducted by the scien- 
tists involved measurements of seawater 
temperature and salinity by depth and the 
collection of bottom samples along the 
bank for analysis of mineral content. 


Shrimp Situation and 
Outlook Reported 


U.S. and Japanese supplies of shrimp 
reached record levels in 1987. Except for 
the largest and smallest sizes, prices of 
shrimp averaged lower than in 1986. 
Southeastern U.S. landings were 147 
million pounds (heads-off) in January- 
October 1987, 17 percent less than a year 
earlier, according to preliminary data. 
They were off 16 percent in the Gulf, and 
23 percent in the South Atlantic. Gulf 
landings could total 160 million pounds, 
making 1987 an above average year. 
South Atlantic landings were very low in 
the normally peak months of July and 
August, and could total 12.5 million 
pounds, making 1987 a low year. 

Landings in New England could reach 
11 million pounds (heads-on) in 1987, up 
from 10.3 million pounds in 1986. Abun- 
dance is reported to be down significantly 
in the current season (December 1987- 
May 1988). Pacific landings could reach 
83 million pounds (heads-on) in 1987 
compared with 62.7 million pounds in 
1986, based on strong increases in Ore- 
gon and Washington, and assuming no 
change in California and Alaska. U.S. 
imports were 327 million pounds in 
January-September 1987, up 16 percent 
from a year earlier. Large gains for 
Ecuador and China changed the ranking 
of leading suppliers (data in million 
pounds): Ecuador (73), Mexico (42), 
China (32), Taiwan (23.3), India (22.9), 
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and Thailand (19.6). Most of the increase 
of 45 million pounds was for raw 
headless and raw peeled shrimp (20 mil- 
lion pounds each). 

U.S. cold-storage holdings were 7-12 
million pounds greater during February- 
October 1987 than respective monthly 
holdings in 1986. In part, the increase 
represents a return to normal levels, since 
holdings in April-August 1986 were the 
lowest for these months in twenty years. 
Holdings in September-October 1987 
were the highest for these months since 
the late 1970’s, but the market has grown 
considerably. Japan imported 365 mil- 
lion pounds of frozen shrimp in January- 
September 1987, 47 million pounds or 15 
percent more than a year earlier. In part, 
this led to an inventory buildup (+24.5 
million pounds through September), the 
highest since 1981 (+42 million 
pounds). Japan’s inventories have tended 
to grow faster than the market. In 1987, 
they averaged 3.5 months of imports ver- 
sus about two months in the late 1970’s. 

New York wholesale prices of raw 
headless Gulf browns reached peaks in 
mid-1986. Since then, 26-30’s to 41-50’s 
trended down, while smaller and larger 
sizes moved upward to early 1987 and 
then trended downward (data through 
November 1987). Dollar equivalents of 
Tokyo prices of Indian whites behaved 
similarly , except that prices of some sizes 
continued upward in 1987 (under-16’s 
and 16-20’s) or remained flat (21-25’s, 
26-30’s and 61-70’s). Japan’s domestic 
prices (in yen) of these shrimp have 
trended downward since mid-1985, ex- 
cept for upturns since mid-1987 in the 
largest two sizes. New York prices of 
peeled Gulf shrimp moved strongly up- 
ward from mid-1986 to early 1987, ap- 
parently because of reduced supplies and 
higher prices for cold-water shrimp. 

It is estimated that U.S. consumption 
of shrimp could be 740 million pounds 
(heads-off) in 1987, up 4 percent from 
708 million pounds in 1986. Increases in 
1980-86 averaged 8.5 percent. The 
underlying 1987 estimates are as follows 
(data in million pounds, heads-off): land- 
ings, 226 (244 in 1986); imports, 560 
(492 in 1986); ending holdings, 74 (59 in 
1986); and exports, 34 (30 in 1986). This 
report was prepared by John Vondruska, 


Southeast Regional Office, National 
Marine Fisheries Service, NOAA, 9450 
Koger Blvd., St. Petersburg, FL 33702. 


NOAA Launches 
Undersea Station 


The National Oceanic and Atmo- 
spheric Administration (NOAA) 
launched in late 1987 the most advanced 
habitat ever developed for research under 
the sea. Named “Aquarius,” the state-of- 
the-art, 81-ton habitat, which can sustain 
six scientists at a time indefinitely, has 
been placed on the Salt River Canyon 
seafloor off St. Croix, the U.S. Virgin 
Islands, the Commerce Department 
agency said. 

For the next 2 years, the huge, move- 
able undersea research station missions 
will include fisheries studies, physical 
oceanography, marine engineering re- 
search, and studies of the cause of coral 
bleaching in the Caribbean. Aquarius 
makes it possible for scientists to live and 
work on the ocean floor for virtually un- 
limited time, allowing a 9-hour day of 
research before returning to the habitat. 
In contrast, scuba divers working at the 
Aquarius’ present 50-foot depth would 
be able to remain on bottom for only 70 
minutes. 

The 43- X 12- X 16.5-foot station 
succeeds NOAA’s smaller, less sophisti- 
cated habitat Hydrolab, which accom- 
plished nearly 200 missions between 
1966 and 1985. It was retired and pre- 
sented to the Smithsonian Institution. 
Aquarius is divided into three compart- 
ments—a wet porch, main lock, and en- 
trance lock. The main chamber houses 
the sleeping area, laboratory equipment, 
computers, environmental conditioning, 
and a modern galley. From the living 
compartment, scientists can view sea life 
through observation ports. A video sys- 
tem allows monitoring of seabottom and 
surface conditions. 

Connected by an umbilical system to 
an unmanned surface support boat, the 
habitat functions independently of shore 
support. During any interruption of 
power or air, it can operate under an 
emergency system for up to 72 hours, 
allowing its occupants time to decom- 
press and swim to the surface. The habi- 
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tat was towed on its separate launch, re- 
covery, and transport (LRT) vehicle in 
September to Salt River Canyon, and 
lowered to the bottom from between the 
LRT’s catamaran hulls to a moveable, 
118-ton baseplate equipped with level- 
ling legs. Built for NOAA at a cost of 
$5.5 million, Aquarius is being operated 
for its first one- to two-year deployment 
off St. Croix by the National Underseas 
Research Program of Fairleigh Dickinson 
University’s West Indies Laboratory. 


NOAA Unveils High-Tech 
Tsunami Warning System 


The National Oceanic and Atmo- 
spheric Administration (NOAA) has an- 
nounced the development of a high-tech 
tsunami warning system that could inex- 
pensively safeguard millions of now- 
unprotected coastal dwellers. Tsunamis 
are walls of water pushed ashore by 
undersea earthquakes or volcanic erup- 
tions. In the past 100 years, they have 
killed more than 51,000 people around 
the Pacific basin. A team led by the Com- 
merce Department agency, using readily 
available technology and a NOAA 
weather satellite, has devised a system 
that protects Valparaiso, Chile, a Pacific 
coast city which has lost more than 1,500 
persons to tsunamis since 1900. 

Certain Pacific coastal areas are pro- 
tected by a basin-wide network designed 
to warn nations of major, destructive 
events; five regional systems serve 
Hawaii, Alaska, Japan, French Polyne- 
sia, and the U.S.S.R. Pacific coast, ac- 
cording to Eddie N. Bernard of NOAA’s 
Pacific Marine Environmental Labora- 
tory (PMEL), who led the team. How- 
ever, vast areas of Pacific coastline are 
not protected by the regional systems, 
which cost about $1 million to install and 
$500,000 a year to operate. The local- 
area Valparaiso system, in contrast, 
could be installed elsewhere for as little 
as $20,000. Bernard said coastal cities in 
Peru, Mexico, and the Caribbean are ap- 
propriate locations for similar systems. 

Under sponsorship of the Agency for 
International Development’s Office of 
Foreign Disaster Assistance, Bernard as- 
sembled a group of experts on seismol- 
ogy, oceanography, numerical mod- 
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elling, and other specialties, to design, 
develop and evaluate a system that small 
nations could afford. Valparaiso was 
chosen for the pilot system because it al- 
ready has a tsunami warning center, ac- 
cess to NOAA’s GOES satellite, and was 
committed to improving its warning ca- 
pabilities. The system had to be readily 
integrated into local warning capabilities, 
assembled mostly from existing technol- 
ogy, reliable, and capable of warning 
within 10 minutes. The system is de- 
signed to detect 7.0-scale undersea earth- 
quakes 50 miles from shore, and 6.2- 
scale earthquakes 21 miles out. Most of 
the Valparaiso fatalities have been from 
tsunamis within 60 miles off the coast. 

Key elements of the tsunami warning 
system are an accelerometer, a water 
level sensor, satellite communications, 
and pre-programmed computers. When 
an earthquake of 7.0 or more on the 
Richter scale occurs within 60 miles of 
the Valparaiso coast, the accelerometer is 
tripped, transmitting an alert through the 
GOES satellite. A computer simulta- 
neously sends emergency messages to a 
warning center in Valparaiso, to the 
Pacific Tsunami Warning Center in Hon- 
olulu, and to water level sensors in Val- 
paraiso Harbor. A computer in the city 
automatically warns public safety offices 
and begins monitoring the water level 
sensors. They, in turn, transmit tsunami 
wave information back through the satel- 
lite system. The warning system has yet 
to be tried under real conditions, when 
evacuation would occur, but in more than 
5,000 tests done in the past year it has 
proved to be 98 percent reliable in warn- 
ing transmission, and the equipment has 
performed with 94 percent reliability, 
Bernard said. 


Five-Month Cruise 
Tabulates Dolphins 


Two NOAA research vessels, the 
David Starr Jordan and the McArthur , 
returned to San Diego, Calif., on 10 De- 
cember after spending almost 5 months at 
sea counting dolphins over a 5 million- 
square-mile area of the eastern tropical 
Pacific. The expedition was part of a 5- 
year dolphin study mandated by the U.S. 
Congress as a result of an amendment to 
the Marine Mammal Protection Act in 


1984 to monitor the relative abundance of 
dolphin stocks in the eastern tropical 
Pacific. The NMFS Southwest Fisheries 
Center in La Jolla, Calif., is responsible 
for carrying out the program. 

Logged into the computers aboard the 
ships during the long cruises is informa- 
tion obtained by a dozen scientific ob- 
servers on numbers and kinds of whales 
and dolphins sighted, the species of sea 
birds seen such as sooty terns and brown- 
footed boobies that often accompany 
groups of dolphins and tuna schools, 
oceanographic measurements of cur- 
rents, salinity, temperature, oxygen, 
weather observations, and other environ- 
mental data. This time, the NOAA Ship 
Jordan was also equipped with a heli- 
copter and a helipad. The activity of the 
dolphin schools, which could number 
anywhere from 50 to 6,000 animals, was 
photographed from the helicopter with a 
special U.S. Navy camera designed for 
filming from high-speed, low-flying air- 
craft to provide better estimates of dol- 
phin school size and composition. 

The eastern tropical Pacific is the only 
area in the world where some schools of 
yellowfin tuna’ swim beneath dolphin 
herds. Tuna fishermen search for schools 
of dolphins with speedboats and encircle 
dolphins and tuna with huge nets. Al- 
though most of the dolphins escape or are 
released by fishermen over the nets, 
some animals unavoidably become en- 
tangled and drown. Last year more than 
126,000 dolphins were accidentally 
killed in the eastern tropical Pacific by 
tuna fishermen from Ecuador, Mexico, 
Panama, the United States, Vanuatu, and 
Venezuela. Under Federal law, U.S. 
fishermen are limited to the accidental 
take of 20,500 of the mammals annually. 

By the end of the 5 years, scientists 
will be able to compare data from each 
cruise and determine if stocks of dolphins 
in the eastern tropical Pacific are increas- 
ing or decreasing. If it is found that the 
mortality due to the tuna fishery has ad- 
versely affected the population of one or 
more dolphin stocks, the Secretary of 
Commerce is then responsible for taking 
action, a8 necessary, to modify the exist- 
ing dolphin quotas for the U.S. tuna fish- 
ery to ensure that the dolphin populations 
are able to recover. 

In addition to gathering information 
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about the numbers of dolphins in the east- 
ern tropical Pacific, scientists from other 
agencies in NOAA and from the Tropical 
Ocean and Global Atmosphere (TOGA) 
Programme, an international program of 
which the United States is a member, are 
actively cooperating in this program. 


Honolulu Lab Surveys 
Fish, Marine Mammais 


Scientists of the NMFS Southwest 
Fisheries Center’s, Honolulu Labora- 
tory, aboard the NOAA ship Townsend 
Cromwell, completed a 9-day survey of 
marine mammals and deep-sea bottom 
fishes at Penguin Bank in the main 
Hawaiian Islands in November, accord- 
ing to Richard S. Shomura, Laboratory 
Director. Marine mammals, including 
porpoises and whales, are protected by 
Federal laws, and their occurrence and 
interaction with man is of considerable 
interest to scientists and local fishermen. 
Deep-sea bottom fishes, such as opaka- 
paka, ehu, kalekale, and onaga, are of 
considerable importance to the local fish- 
ing industry and are heavily exploited. 

Surveys were conducted by marine 
mammal scientists to determine occur- 
rence, local distribution, and species 
composition of marine mammals at Pen- 
guin Bank, while bottom longline gear 
and deep-sea handline gear were fished in 
depths of 240-870 feet at four selected 
sites to determine the distribution, abun- 
dance, diet, and diel shifts of deepwater 
bottom fishes, according to Paul M. 
Shiota, Chief Scientist on the survey. 

The marine mammal survey is part of 
a program at the Honolulu Laboratory to 
better manage and protect marine mam- 
mals in Hawaii. The deep-sea bottom fish 
survey is part of a cooperative study be- 
tween the Honolulu Laboratory and the 
University of Hawaii. The information 
collected will prove useful in providing a 
better understanding of the diet, distribu- 
tion, and abundance of commercially im- 
portant bottom fishes at Penguin Bank. 


Fish Export Data 
and Publications 


The U.S. Department of Commerce 
has a new agency, totally separate from 
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the International Trade Administration, 
which handles export licensing and con- 
trol functions, the Department has an- 
nounced. The Export Administration 
now is responsible for technology analy- 
sis, export enforcement, intelligence re- 
view, and anti-boycott compliance. The 
new Export Administration is located at 
the U.S. Department of Commerce/EA, 
Room 1099 HCHB, 14th and Constitu- 
tion Avenue, N.W., Washington, DC 
20230. 

Also, if you are an exporter or broker 
and routinely file Shipper’s Export 
Declarations, you may file these docu- 
ments electronically, on a monthly basis, 
instead of filing a hard copy for every 
shipment. The Commerce Department’s 
Census Bureau now has a National Clear- 
inghouse for Exporter Data Processing. 
The Bureau can provide a brochure list- 
ing the service agencies in your city that 
have already registered with the Census 
Bureau. These agencies provide current 
listings of all commodity classifications, 
and transmit electronic data to the Bureau 
as part of their services to exporters. For 
more information, contact the U.S. Cen- 
sus Bureau’s Automated Export Report- 
ing Office at (301) 763-7774 or (301) 
763-4040. 

A marketing reference manual called 
“A Guide to Selling Your Service Over- 
seas,” which includes computer software 
products, is a clear and concise guide- 
book to selecting foreign markets. 
Copies of the 1987 issue of the Guide, are 
available from NORCALDEC (Northern 
California District Export Council) at 
$17.00 per copy (postage and handling 
included). Address orders to Service 
Guidebook, 450 Golden Gate Avenue, 
P.O. Box 36013, San Francisco, CA 
94102. 

The Census Bureau has also an- 
nounced the availability of a new edition 
of Schedule B Statistical Classification of 
Domestic and Foreign Commodities ex- 
ported from the United States, in which 
the export commodity classification sys- 
tem is converted to the nomenclature 
structure of the Harmonized Commodity 
Description and Coding System (Harmo- 
nized System). The commodity numbers 
contained in this revised Schedule B con- 
tain ten digits plus a check digit. They are 
to be reported on Shipper’s Export Decla- 


rations beginning | January 1988. The 
metric system of weights and measures is 
used throughout the publication. 

The 6-digit Harmonized System was 
developed from the Customs Coopera- 
tion Council Nomenclature and is in- 
tended for multinational use in classify- 
ing commodities in international trade. In 
Schedule B, it was expanded to ten digits 
plus a check digit for U.S. statistical 
needs. The structure and detail of this 
new system are significantly different 
from those previously in use. 

The alphabetical index is contained in 
a separate volume and shows the first six 
digits of the applicable Schedule B 
code(s) for each commodity listed. This 
volume also contains correlations be- 
tween 1987 and 1988 Schedule B num- 
bers. The index and correlations are in- 
cluded in the price of the basic 
publication. You may order your 1988 
edition of Schedule B (ask for order num- 
ber 903-009-00000-4) from the Superin- 
tendent of Documents, U.S. Government 
Printing Office, Washington, DC 20402 
(telephone 202-783-3238). The price is 
$46 ($11.50 additional for foreign mail- 
ing), and includes supplemental changes 
issued irregularly for an indefinite pe- 
riod. 


Commercial Scallop 
Dredging Observed 
With Submersible 


Commercial sea scallop fishing opera- 
tions appear to: 1) Capture with high effi- 
ciency those scallops which are within 
the path of the scallop dredge, 2) cause 
very low mortality among those scallops 
which are within the path of the dredge 
but which are not captured by it, and 3) 
result in low mortality (i.e., less than 10 
percent) of those scallops which are cap- 
tured, but which are subsequently dis- 
carded. 

These observations came from the 
NMFS Northeast Fisheries Center’s 15- 
17 July 1987 study of commercial scal- 
loping by the fishing vessels Carolina 
Breeze and Mary Anne in 175-220 feet of 
water in the Hudson Canyon area of the 
Middle Atlantic shelf. Center scientists 
used the two-man research submersible 
Delta to observe fishing operations di- 
rectly. 
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Foreign Fishery Developments 


The Fisheries of Chile 


Chilean fish and shellfish landings de- 
creased slightly during the first half of 
1987, compared with the same period of 
1986. Export shipments, however, in- 
creased over 35 percent by value during 
that same period. Frozen and fresh fish- 
ery products were the most rapidly grow- 
ing exports. Fishmeal remained the most 
important fishery export commodity. 
New investments in the industry continue 
to be concentrated in salmon aquacul- 
ture. New Zealand investors, however, 
formed a partnership with a major com- 
pany which may increase frozen fish pro- 
duction. The U.S. Embassy in Santiago, 
Chile has submitted the following report 
on recent Chilean fishery developments. 


Landings Decline Slightly 
Small Pelagics 


Most of Chile’s fishery landings are 
small pelagic species (sardines, anchovy, 
and jack mackerel) which are primarily 
reduced to fishmeal and oil. Chilean 
landings of these species declined during 
the first half of 1987 by about 10 percent 
from 1986 landings during the same pe- 
riod. Some observers suggest that the de- 
cline may be related to the 1986-87 El 
Nifio which has affected Ecuadorean and 
Peruvian fisheries. It is unclear to what 
extent, however, the decline has resulted 
from El Nifio, because the sea surface 
temperature anomalies associated with El 
Nifio have been most severe off Ecuador 
and northern Peru and not off Chile!. 
Some observers believe that the declining 
catch may be at least partly caused by the 
heavy fishing effort directed at the coun- 
try’s small pelagic stocks during recent 
years. Some observers have expressed 
increasing concern about the level of 
fishing effort on Chile’s small pelagic 
stocks. Government efforts to protect 
stocks may also adversely affect land- 


'Sea surface temperature anomalies off Ecuador 
and northern Peru were 3-4°C above normal dur- 
ing early 1987, but only 2°C above normal dur- 
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ings, at least in the short term. The Gov- 
ernment closed the sardine fishery off 
northern Chile (Regions 1 and 2)? for 41 
days in mid-1987. As a result, fishermen 
in these two northerly regions reported a 
30 percent decline in landings during the 
first half of 1987. This trend was offset 
somewhat by improved jack mackerel 
catches reported off Talcahuano in south- 
ern Chile (Region 8); fishermen there re- 
ported a nearly 60 percent increase in 
their jack mackerel catch. The increase in 
Region 8 resulted from the decision by 
several companies to redeploy part of 
their fleet south to compensate for the 
closed season and declining sardine land- 
ings in Regions 1 and 2. During 1986, 
Chilean landings of both sardine and jack 
mackerel declined, but overall landings 
increased because of a massive increase 
in anchovy landings. Data on 1987 an- 
chovy landings, however, are unavail- 
able. 


Other species 


Artisanal fishermen land much smaller 
quantities of fish, but most of their land- 
ings are more valuable, and destined for 
human consumption. Artisanal landings 
during the first half of 1987 were 7 per- 
cent higher than those during the same 6 
months of 1986. Chile has also devel- 
oped an important seaweed industry in 
the past few years. The quantity gathered 
in 1986 declined, but gathering remained 
steady during early 1987. 


Fishery Exports Increasing 


Chilean fishery exports during the first 
6 months of 1987 reached over $310 mil- 
lion, or 35 percent more than during the 
first 6 months of 1986 (Table 1). The 
increase was primarily caused by in- 
creased fishmeal prices, but important 
gains were also reported in other sectors. 


ing March 1987, the peak of the anomalies off 
Chile. Water temperatures off Chile during the 
rest of the year have remained fairly constant. 
2See map. 


Data on 1985-86 exports are given in 
Table 2. 


Fishmeal 


Chile exported 616,000 metric tons (t) 
of fishmeal during the first 6 months of 
1987, an increase of 20 percent over such 
shipments during January to June 1986. 
Exporters increased shipments during 
early 1987, despite declining landings. 
Exporters were able to achieve these in- 
creases by drawing on inventories to take 
advantage of rising world prices. As a 
result, the value of fishmeal exports in- 
creased 35 percent during the first 6 
months of 1987. Chilean observers report 
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that if catches continue at current levels, 
full year 1987 fishmeal exports should 
equal 1986 levels in quantity, but earn 
more because of the increased prices. 


Fresh and Frozen 


Fresh and frozen fishery exports to- 
taled 21,600 t during the first half of 
1987, nearly a 60 percent increase over 
the 13,700 t exported in the same period 
in 1986. These exports grew over 100 
percent (by value), to a total of $47.0 
million compared to only $23.5 million. 
International prices for both fresh and 
frozen products have been strong, and 
Chilean exporters are predicting contin- 
ued growth. A new partnership devel- 
oped between Chilean and New Zealand 
investors, may contribute to an even 
more rapid growth in frozen and fresh 
fishery exports by the end of 1987. 


Canned 


Canned fishery exports increased 40 
percent by both quantity and value during 
the first 6 months of 1987 to 16,100 t 
worth $12.4 million, compared to only 
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1Source: Indicators of Chilean Foreign Trade, 
Central Bank of Chile. 
2May include small amounts of fresh product. 


Table 2.—Chilean fisheries exports, 
1985-861. 





Exports ($ US million) 
1985 1986 
279.0 314.9 
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Source: Indicators of Chilean Foreign Trade, 
Central Bank of Chile. 
2May include smali amounts of fresh product. 
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11,600 t worth $8.8 during the same pe- 
riod in 1986. Exporting companies re- 
ported that international prices for their 
product increased a moderate 1.4 per- 
cent. Shellfish exports (frozen and 
canned product) increased by 14 percent 
in value, while seaweed products in- 
creased by 10 percent. Other fishery ex- 
ports, such as dried or salted fish, fish 
offal, fish by-products and unclassified 
fishery products, also increased in value 
terms, but landings were adversely af- 
fected by seasonal closures on several 
different species. 


Future Expansion 


The most significant investment devel- 
opment during the first half of 1987 was 
the decision by New Zealand investor 
Carter Holt Harvey* (CHH) to purchase a 
39 percent interest in a large Chilean fish- 
meal company, Pesquera Iquique. After 
investing $28 million, CHH became the 
partner of the largest Chilean fisheries in- 
dustrialist, Anacleto Angelini, whose 
plants are responsible for some 40 per- 
cent of Chilean fishery exports. CHH is 
reportedly interested in expanding the 
company’s operations which currently 
concentrate on fishmeal. CHH is particu- 
larly interested in increasing exports of 
fresh and frozen demersal fish. The CHH 
investment is the largest single foreign 
investment in Chilean fisheries. 

The greatest foreign interest overall 
has been in Chile’s booming culture of 
salmon in pens set along the southern 
coast. Production is primarily targeted 
for the U.S. market. Chilean farmers har- 
vest their salmon during the northern 
hemisphere winter when prices in the 
United States are highest. Exports to the 
United States totaled $4.6 million during 
the first 6 months of 1987, compared to 
only $2.8 million during the same period 
of 1986. While still relatively small, 
some observers believe that salmon may 
eventually become one of Chile’s princi- 
pal fishery exports. 


Comments 


As international fishery prices con- 
tinue to rise, Chilean fishery exports 


3Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


should continue to generate an important 
source of hard currency for the Chilean 
economy. Fishery exports remain Chile’s 
third largest source of hard currency, 
after mining and agriculture. During the 
first 6 months of 1987, fishery commodi- 
ties represented 13 percent of total 
Chilean exports, compared to 11 percent 
during the same period in 1986. Never- 
theless, the continued strength of exports 
will be largely dependent upon the stabil- 
ity of Chilean landings. The status of 
major small pelagic stocks is not known, 
and several factors could significantly af- 
fect landings by the end of 1987. The 
Chilean Government may decide to fur- 
ther limit sardine and/or other small 
pelagic fisheries as a resource manage- 
ment measure. Heaving fishing effort 
could adversely affect stocks. The full 
impact of the 1986-87 El Nifio event is 
still unknown. Each of these factors 
could have a serious effect on Chilean 
landings. The U.S. Embassy in Santiago 
reports that further government restric- 
tions on landings would provoke loud 
protests from the Chilean fishing indus- 
try, an important source of political sup- 
port for the current administration. The 
Chilean fisheries industry continues to 
increase its ability to compete efficiently 
in the international markets. The large 
New Zealand investment should help to 
further improve the competitive position 
of the Chilean fishing industry on world 
markets. (Source: IFR-87/71:DW.) 
Additional Information 

The U.S. Embassy in Santiago has 
prepared a 20-page report reviewing the 
status of Chile’s fishing industry in 1986. 
The report includes sections on landings, 
fleet development, fisheries develop- 
ment, new fishery investment projects, 
ports, aquaculture, processing, markets, 
government policies, and research. The 
report has many appendices, including 
lists of fishery offices, trade associations 
and companies, and statistical tables on 
landings, processing, and fishery ex- 
ports. U.S. companies can obtain a copy 
of “Chilean Industrial Outlook Report: 
Fishing Industry, 1986” for $9.95 and a 
$3.00 handling fee (total $12.95, per- 
sonal checks or money orders only) by 
ordering report PB87-207692/GBA from 
NTIS, Springfield, VA 22161. 
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The Fisheries of 
Southern Thailand 


Major changes have swept through the 
southern Thai fishing industry during the 
past 2 years. Strict enforcement of Exclu- 
sive Economic Zones (EEZ’s) by neigh- 
boring Burma, Malaysia, and Vietnam, 
has nearly eliminated alleged Thai 
poaching in these waters. Malaysian ar- 
rests of Thai fishermen have touched off 
protest demonstrations in Songkhla and 
Pattani ports on the southeastern coast of 
Thailand, while a Burmese fisheries en- 
forcement program using a Japanese- 
donated fleet of 42 patrol boats and 6 
helicopters has crippled Ranong, for- 
merly a port of choice on the Andaman 
Sea. 

The EEZ squeeze has sparked an inter- 
nal migration of the Thai fishermen from 
central provinces to the south, and from 
the east to the west coast, in order to gain 
better access to international waters. 
Smaller trawlers continue to fish in na- 
tional waters of the Gulf of Thailand 
where fishery resources are rapidly de- 
clining. But larger trawlers and more so- 
phisticated purse seiners, equipped with 
sonar and night-fishing gear, are ranging 
further afield into the international waters 
of the South China and Andaman Seas. 
Both trawler and purse-seiner fishermen 
have greatly benefited from two impor- 
tant trends. The falling diesel fuel price 
has reduced costs and rising fish prices 
have increased profits. Fish prices are 20- 
30 percent higher than during 1985, a 
result of more sophisticated processing 
and international marketing. 

While overall catches are slightly 
lower, fishermen interviewed in nine 
southern Thai ports expressed satisfac- 
tion with current conditions—the “Year 
of the Golden Sea”, according to one— 
and are optimistic about the future. Gov- 
ernment efforts are geared to internation- 
alize the fleet by sponsoring joint-venture 
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agreements with other nations, and mod- 
ernizing fishing vessel design and fishing 
methods to allow for more extended fish- 
ing trips. To this end, the Government 
recently opened the Tinsulanonda 
Songkhla Fishery College. The college, 
Thailand’s first, will educate a new gen- 
eration of deepsea fishermen and intro- 
duce new vessel designs, fish processing 
techniques, and capture methods. 


Background 


Thailand’s rise to its position as South- 
east Asia’s preeminent fishing nation 
began with the introduction of a seagoing 
trawler in the early 1960’s. Designed by 
the Thai Department of Fisheries and 
constructed at local shipyards with in- 
digenous wood, the trawler was powered 
by a large inboard diesel, furnished with 
ice-storage space and equipped with 
winch and crane apparatus for hauling in 
large catches. The modern vessel was a 
revelation for Thai fishermen. The Thai 
fleet mushroomed from only 99 vessels 
in 1961 to 5,200 in 1974, and approxi- 
mately 9,000 today. The land-based in- 
frastructure, necessary for an export- 
oriented fishing industry, developed in 
tandem with the Thai fleet: Coastal 
roads, refrigerated trucks, shipyards, ice 
plants, fish meal factories, cold storage 
plants, and canneries. 

The industry, however, fell victim to 
its own success. Throughout the 1970’s, 
neighboring countries proclaimed 200- 
mile EEZ’s off their coasts, barring Thai 
trawlers from some 110,000 square miles 
of fishing grounds—half the area once 
exploited. Though some captains contin- 
ued to fish in those waters, risking arrest 
and confiscation of their vessels, those 
content to remain in safe waters may 
have overfished the Gulf of Thailand. In- 
dustrial pollution and dynamiting of coral 


reefs has further reduced the catch along 
the central provinces. All told, the aver- 
age catch dropped from 298 kg per hour 
in 1961 to a mere 47 kg in 1975. The Thai 
fishing fleet was also crippled, between 
1972 and 1978, by a tenfold rise in the 
diesel fuel price—an expense which re- 
portedly accounts for 65 percent of a 
trawler’s operating costs. 

The fortunes of the Thai fishing fleet 
bottomed out in 1980 when the annual 
catch declined by 20 percent below the 
1977 record of over 2 million tons. The 
stabilization, and then fall, of the diesel 
price allowed the fishing industry to re- 
bound. While the 1986 catch is expected 
to decline slightly, prices are up 20-30 
percent. Besides the fuel and fish price 
fluctuations, improved fishing, process- 
ing, and marketing techniques have all 
played a role in the relatively healthy 
state of southern Thai fisheries. Person- 
nel of the U.S. Consulate in Songkhla 
visited 10 southern Thai fishing ports in 
1986, and submitted the following report 
which documents the ingenuity of Thai 
fishermen in coping with contemporary 
problems. 


Ports and Production 


In general, the northern and northeast- 
em Thai ports are faring poorly; the 
southern ports, with easy access to inter- 
national waters, are booming. The 10 
southern ports described in this report are 
important because the entire marine catch 
of this reigon is landed there. Chumphon, 
the northernmost port in the southern half 
of Thailand, has fared poorly since its 
approach channel began silting up. In 
1986, some 40 of its 422 trawlers left for 
more southern ports. Fishing in Viet- 
namese waters has long been too risky 
and fishermen are also prohibited from 
trawling closer than 3,000 m to islands 
offshore from Chumphon and Surat 
Thani provinces (in order to preserve is- 
landers’ traditional fishing grounds). 
Thai Navy and Marine Police Patrols 
strictly enforce this law. 

Despite such restrictions, 138,000 
metric tons (t) of fish, valued at over 
$42.3 million, were landed on 
Chumphon docks in 1985—a nearly two- 
fold increase over its 1980 low. 
Chumphon’s attractions are it’s relative 
proximity to Bangkok and a good fish 
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market. A prosperous province, 
Chumphon also has much ready capital 
for infrastructure investments. To date, it 
has constructed 3 canneries, 7 fish-sauce 
plants, 8 fishmeal plants, 13 ice factories 
and 5 cold stores. Chumphon, however, 
bears the dubious distinction of being the 
only province where fishermen must con- 
tend with piracy. A captain and his crew 
were wounded in 1986 during a robbery 
attempt. Extensive use of inter-fleet and 
ship-to-shore radios, however, have 
helped to eliminate a once-common 
scourge in southern Thailand. 

Surat Thani, 90 miles to the south, is 
also in serious decline as a fishing port. 
Not only is its channel silting up, but 
large rocks at the entrance makes ap- 
proach in low tides increasingly danger- 
ous. With delays at the channel mouth 
common, some 80 percent of the larger 
trawlers have abandoned Surat Thani for 
Khanom, 40 miles east in Nakhon Si 
Thammarat Province, where passage, 
docking space, and ice are plentiful. The 
catch landed in Surat Thani fell from 
125,000 t in 1984 to 118,000 t in 1985; 
catch estimates for 1986 are much lower. 
Infrastructure is also less developed than 
at Chumphon: only 2 canneries, 3 fish- 
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sauce factories, 4 fishmeal plants, 8 ice 
factories, and 3 cold stores. 

While the Government-owned fish 
marketing organization in Surat Thani re- 
ports a drastic decline in trawler land- 
ings, canneries and similar plants have, 
as yet, suffered no shortage of material. 
Truck convoys carrying iced fish from 
Khanom keep them regularly supplied. 
Surat Thani’s harbor problems could be 
solved by relocating the fish market to its 
new port, outside the old channel. To 
date, however, provincial authorities 
have balked at the idea, preferring to re- 
ceive high rents from private companies 
rather than give space to state enterprises. 
The alternative solution—demolition of 
the rocks in the estuary—would not be 
cheap: It would cost over $6 million. 

Khanom, now the premier fishing port 
in Nakhon Si Thammarat Province, has 
boomed since 1983 when Electrical Gen- 
erating Authority of Thailand (EGAT) 
opened a major hydroelectric plant and 
deep-dredged its harbor channel. Private 
docks, ice factories, and cold stores 
quickly sprang up and triggered a fishing 
boom as trawlers from Chumphon and 
Surat Thani flocked to take advantage of 
Khanom’s speedy offloading facilities. 
The province’s fish catch, steady at 
around 52,000 t between 1980-1984, in- 
creased more than fivefold to 278,000 t 
in 1985, valued at $14 million. 

In contrast, Pak Phanang, Nakhon Si 
Thammarat’s traditional port some 70 
miles south of Khanom, has fallen on 
hard times. As in Chumphon and Surat 
Thani, its harbor is silting up, driving a 
third of the trawler fleet south to 
Songkhla. There are other special prob- 
lems and fishermen prefer to offload in 
other ports where prices are freer and 
higher. By the end of 1987, however, a 
partial solution may be at hand. The 
state-owned Fish Marketing Organiza- 
tion will construct a dock and cold stor- 
age facility costing about $3.5 million, 
financed by a Japanese loan. This, in 
turn, may loosen the local grip on mar- 
keting, though there is doubt that Pak 
Phanang will regain its former status. 

Songkhla has long been southern Thai- 
lands’ largest fishing port. Until 1985, it 
landed twice as much as the next two 
ports, Kantang and Pattani, combined. 
Songkhla’s infrastructure is also the most 


developed, with 11 canneries, 20 ice fac- 
tories, 5 fishmeal plants, and 2 cold 
stores. In 1984, the fisheries catch stood 
at 442,000 t, valued at $71.2 million. In 
1985, however, production plummeted 
to 165,412 t valued at $27.8 million. 
This 63 percent decline reflects, in part, 
the desertion of a sizable purse seiner 
fleet to Pattani. For the six previous 
years, fishing vessels had been migrating 
from the depleted fishing grounds of cen- 
tral provinces (like Samut Sakhon) to 
take advantage of Songkhla’s proximity 
to international waters. 

Songkhla’s very success proved its 
bane as the press of boat traffic placed 
impossible demands on its dock space. 
Trawlers also have had to put up with 
long queues for ice, water, and fuel. Off- 
loading is similarly time-consuming as 
the Fish Marketing Organization’s pier is 
too small for current volume. A munici- 
pal fishing port, scheduled for comple- 
tion in 1990 (at at cost of $9.6 million, 60 
percent of which is provided by an Asian 
Development Bank ADB loan), will ulti- 
mately relieve congestion. Marketing 
problems, however, remain unsolved. 
Songkhla’s tough fish brokers have con- 
sistently paid less for the catch than 
buyers in neighboring Pattani. Prices in 
Pattani, in fact, average one baht (about 
$0.04) higher per kilo—strong incentive 
for migration. 

Pattani is the fastest growing fishing 
port on the southeastern coast. Fifty 
miles south of Songkhla, and even closer 
to international waters, it has attracted a 
large fleet from other provinces. This 
fleet is also southern Thailand’s most so- 
phisticated: it comprises 200 sonar- 
equipped purse seiners and 250 trawlers 
(70 percent of which are over 50 t). All 
vessels being built in Pattani shipyards 
are purse seiners, while many large 
trawlers (70 to 100 t) are being converted 
for seining, a process spurred by ADB 
small loans to fishermen for sonar gear 
and purse seine nets. Purse seiners and 
large trawlers fish mainly in the interna- 
tional waters of the South China Sea. A 
promising Th2i-Indonesian joint venture 
has been launched with 3 purse seiners. 
As Pattani’s fleet has burgeoned, so has 
its infrastructure: 11 ice factories, 3 cold 
stores, 4 fishmeal plants, and 2 canner- 
ies. Pattani’s fish market is freewheeling, 
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backed by a healthy cross-border trade 
with Malaysia. Each day about 100 
pickup trucks deliver fish to customers in 
Malaysia and 30 ten-wheel trucks deliver 
to Bangkok. 

Ranong, on the west coast facing 
Burma, is having hard times. Once 
southern Thailand’s largest fishing port, 
Ranong’s catch has shrunk from 110,000 
t in 1977 to 68,000 in 1985. In 1986, it is 
estimated to have plunged another 40 
percent, as the Burmese drastically in- 
creased surveillance of their EEZ follow- 
ing the establishment of a joint-venture 
with the Japanese. A Japanese firm, 
Nikata, has provided the Burmese with 
training, technology, equipment, and 
cold stores. Some fish are sold in Burma, 
but better quality marine products are 
processed and sold to Japan. To protect 
their investment, the Japanese have pro- 
vided the Burmese with 42 patrol boats 
and 6 helicopters to discourage poaching. 
Thirty Thai boats were seized in 1985, 10 
in 1986. Arrested Thai crewmen are now 
jailed for 4 years, captains for 7 years. In 
response, over 100 of Ranong’s 277 
trawlers have fled south to Phuket. An- 
other 100 purse seiners, which once mi- 
grated to Ranong during the December- 
March east coast monsoon, now favor 
Phuket and Kantang. Limited poaching 
persists during the west coast’s 4-month 
rainy season (June through September), 
when the Burmese refuse to brave the 
high seas. Ranong’s infrastructure re- 
mains small at 8 fishmeal plants and ice 
factories, and no canneries. Most fish is 
sent to Bangkok, but some is also deliv- 
ered to Hat Yai for export to Malaysia. 

Phuket, located 140 miles south, has 
profited from Ranong’s misfortune. Most 
of Ranong’s trawlers now offload their 
fish in Phuket, and 100 purse seiners 
from Pattani and Songkhla call there 
from December to June. The increased 
traffic has strained Phuket’s ice plants, 
and additional supplies are occasionally 
trucked from Phang Nga to make up the 
shortfall. Phuket’s infrastructure remains 
primitive with 6 ice factories, 3 fishmeal 
plants and | cannery. In 1984, Phuket’s 
domestic catch was 41,500 t, plus an- 
other 9,800 t from a joint venture with 
Indonesia. Nine large trawlers were in- 
volved in the joint venture. Fishermen 
found, however, that catches were low 
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and profits meager, and only a single 
trawler now makes monthly trips to In- 
donesia. A de facto Thai-Burmese joint 
venture has evolved, whereby the 
Burmese sell their catch to the Thai on 
the high seas (done at Kantang and Satun 
as well). A more official joint venture has 
been initiated with Bangladesh: Thai 
trawlers land large fish there, and small 
fish in Phuket. In 1985, Phuket’s domes- 
tic catch increased to 56,200 t, and is 
expected to be substantially higher in 
1986. About 40 percent of the catch is 
trucked to Hat Yai for sale in Malaysia; 
the rest is trucked to Bangkok. 
Kantang, 100 miles south of Phuket, is 
the west coast’s largest fishing port and, 
until the dramatic rise of Pattani, south- 
em Thailand’s second largest fish pro- 
ducer. Its main dock, belonging to the 
municipality, services some 100 
trawlers. Another 240 trawlers dock pri- 
vately. Kantang’s fisheries infrastructure 
consists of 8 ice factories, 4 fishmeal 
plants, 2 cold stores, and a cannery. Kan- 
tang has abundant dock space, fuel, and 
ice supplies. A thriving shipyard industry 
specializes in the construction of large 
purse seiners, wide-beamed for greater 
ice storage and capable of staying at sea 
for over a month rather than the usual 15 
days. (These large seiners no longer ex- 
pend fuel for biweekly return trips, but 
rely on small boats to transfer the catch 
back to Kantang). The Kantang fleet also 
runs on cheap Malaysian diesel fuel, giv- 
ing a hefty boost to profit margins. Al- 
though vessels fish mainly in interna- 
tional waters, a few may poach in 
Indonesian waters. None fish in Ma- 
laysian waters since the arrest of a crew 
last year. Roughly half of Kantang’s fish 
catch is trucked to Hat Yai, and from 
there to Malaysia. Some 137,000 t were 
landed in 1984, and 133,254 t in 1985. 
The 1986 catch is expected to be about 
the same, but, with prices running 30 
percent higher, profits will be huge. 
Satun, near the Malaysian border, is 
also prospering, as its catch rose from 
69,000 t in 1984 to 74,000 t in 1985. The 
port is equipped with 5 ice factories, 2 
fishmeal plants, 3 cold stores, and a can- 
nery. Satun’s proximity to Malaysia has 
allowed a cross-border arrangement 
whereby Malaysians secure part owner- 
ship of Thai trawlers and register them in 


Malaysia. (These owners do not appear 
on Thai registers, so as to avoid Thai 
taxes). Such jointly owned boats, crewed 
by Thais, then fish with impunity in 
Malaysian waters. None has been ar- 
rested in 2 years. Trawlers secure cheap 
diesel fuel in Malaysia and sell their large 
fish there at high prices. Smaller fish are 
offloaded in Satun. 


Fishery, Exports 


Thailand’s exports have boomed. Ris- 
ing international demand has pushed up 
prices, while 1985’s baht devaluation 
and a high sales volume have allowed 
Thai firms to offer extremely competitive 
prices. Ever more sophisticated freezing 
and canning facilities, catering to the 
high quality standards of importing coun- 
tries, further guarantee sales. Marine ex- 
ports fall into four main categories: 1) 
Frozen shrimp, 2) frozen cephalopods 
(squid, cuttlefish and octopus), 3) fish- 
meal, and 4) canned seafood. 

Thailand’s most important marine ex- 
port is frozen shrimp. Exports have 
climbed steadily since 1980 when they 
stood at 18,000 t with a value of $99 
million. In 1986, frozen shrimp exports 
were expected to reach a record 29,000 t 
valued at nearly $162 million. Japan gen- 
erally accounts for half the shrimp mar- 
ket, and will likely buy more this year 
because of the strong yen and increased 
consumer confidence in the quality of 
Thai shrimp. The United States, Thai- 
land’s second largest customer, along 
with other buyers—Singapore, Hong 
Kong, the United Kingdom, the Federal 
Republic of Germany, Italy, and 
France—have also been placing larger 
orders for frozen shrimp, pushing up 
prices. Further strengthening Thailand’s 
marketing position has been the decline 
of its competitors (Taiwan, India, and 
Pakistan) all of whom report dwindling 
shrimp catches. 

Squid and cuttlefish, are still abundant 
in Thai waters. As heavy fishing ad- 
versely affects stocks of fish predators, 
cephalopod stocks have increased. Japan 
and Italy are the top buyers of these 
frozen products, each accounting for 40 
percent of the market. During the first 5 
months of 1986, Thailand exported 
19,000 t of frozen squid, cuttlefish, and 
octopus, valued at $45.8 million, an in- 
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crease of 14 percent by quantity and 62 
percent by value over 1985. In the past, 
Italy has temporarily banned Thai squid 
imports for poor quality, causing prices 
to plunge. But Thai exporters seem to 
have greatly improved quality standards 
and Italian consumer confidence in Thai 
squid has stabilized. 

Long plagued with a sluggish market, 
the fishmeal industry remains in the 
doldrums. Used primarily as livestock 
fodder, fishmeal is manufactured from 
trash fish, which represent 60 percent of 
fishery landings. With some two-thirds 
of Thai fishmeal production located in 
the south, the health of the industry has a 
profound impact on the region. Between 
1984-1985, fishmeal production fell by 
2,000 t to 183,000 t. Weak demand by 
the local livestock industry and competi- 
tion from soybean meal also caused do- 
mestic prices to drop. In January-June 
1986, overseas sales of fishmeal totaled 
38,407 t, valued at $12 million. Stiff 
competition from Peru and Chile, where 
the catch of pelagic species, used for re- 
duction to fishmeal, has been increasing, 
is further hampering fishmeal exports. 
Both countries reportedly offer fishmeal 
of superior quality at cheaper prices. 

Thailand’s newest, fastest growing 
marine export sector is canned seafood. 
The industry dates only to 1974, when 
Thai canneries exported a mere 474 t. 
Four years later, exports had risen to 
13,000 t, and by 1982 had increased 
nearly fivefold to 66,000 t. By 1984, 
canned seafood exports had grown an- 
other 20 percent to 82,000 t. Reflecting 
this growth, the number of canneries has 
increased from 30 to 50 percent over the 
past 2 years; one-third are located in the 
south. Exports amount to 80 percent of 
production. Of the total exported, 55 per- 
cent is canned fish, and 40 percent is 
canned shrimp, crabmeat, and clams. 
The United States is the largest market, 
followed by West Germany, Britain, 
Canada, and Australia. Particularly sig- 
nificant are tuna exports to the United 
States, the value of which doubled in 
1985. In 1984, American tuna processors 
asked the U.S. International Trade Com- 
mission to impose a 35 percent tariff on 
Thai tuna. That reques: was turned down, 
but American and Thai cannery groups 
are preparing for another legal battle. 
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Official promotion of Thai fisheries 
has centered on joint fishing ventures 
with neighboring countries, whose ever 
stricter enforcement of EEZ’s has cost 
the Thai fleet dearly. (In 1985, a total of 
86 Thai trawlers with 1,246 crewmen 
was seized in foreign territorial waters: 
38 off Vietnam, 28 off Malaysia, 14 off 
Burma, 4 off Indonesia, and 2 off India.) 
In the summers of 1985 and 1986, ten- 
sion between Thai and Malaysian fishing 
interests ran high, leading to one clash on 
the high seas, numerous arrests, and pro- 
longed protests at the Malaysian Con- 
sulate General in Songkhla. Subsequent, 
high-level discussions in Bangkok and 
Kuala Lumpur, however, settled imme- 
diate differences. 

More recently, in November 1986, 
Burmese patrols seized 9 Thai trawlers 
and arrested 300 crewmen. To avoid fu- 
ture conflicts and provide fishery 
grounds for its huge fleet, the Thai Gov- 
ernment has worked to arrange joint fish- 
ing ventures with Malaysia, Indonesia, 
Bangladesh, India, Saudi Arabia, Oman, 
China, and Australia. Full accord with 
Maiaysia has yet to be worked out, 
largely because of strong opposition by 
east coast Malay fishermen. A modus 
vivendi, however, appears to be develop- 
ing, whereby Thai trawlers headed for 
international waters are allowed free pas- 
sage, while those trespassing too close 
inshore (and fishing as they head south) 
are liable to be arrested. 

In October 1986, the Thais succeeded 
in signing several joint fishery ventures 
with India and Indonesia, the latter in- 
volving an initial fleet of 60 trawlers. 
That same month, the first 3 Thai 
trawlers arrived in Darwin to open the 
initial phase of a joint venture with Aus- 
tralia. As its fleet expands globally, Thai- 
land hopes that it will evolve into an in- 
ternational enterprise akin to the 
Japanese and Korean fleets. 

Official assistance has also come in the 
form of aquaculture projects, which are 
located in all of the 14 southern 
provinces. In 1981, the Thai Government 
opened the National Institute of Coastal 
Aquaculture in Songkhla and, in 1985, 
the Brackish Water Research Institute in 
Surat Thani. Besides conducting exten- 
sive research, both institutes provide 
seedstock and technical assistance for the 


raising of sea bass, red snapper, Nile 
tilapia, oysters, clams, and prawns. On 
the west coast, Phuket, Trang, and Krabi 
have taken the lead in developing aqua- 
culture in mangrove areas. The fishery 
department has also heavily promoted 
freshwater aquaculture projects in inland 
districts. Freshwater fish production, 
however, continues to be less than a tenth 
of marine production. 

The most recent development has been 
the opening of Thailand’s first fishery 
college in September 1986. Located in 
Prime Minister Prem’s home town of 
Songkhla (and bearing his family name), 
the project is well-funded and off to a 
good start. An initial student body of 502 
and a faculty of 34 is slated to grow 
within 5 years to 840 and 70, respec- 
tively. Building construction is nearly 
complete on a 120-acre site, with another 
120 acres held in reserve for future ex- 
pansion. Facilities include classrooms, 
laboratories, lecture theaters, work- 
shops, processing and freezer rooms, 
brackish water and freshwater hatcheries, 
and a fish food preparation building. For- 
eign assistance is being provided by 
British experts attached to the British 
Council and by the Danish Government, 
which is providing a team of technicians 
and a modern freezer-equipped trawler. 

Three-year course requirements in- 
clude general fisheries, product preserva- 
tion, aquacultural engineering, fish proc- 
essing, capture methods and equipment, 
fishery physics, boat engineering, radio 
communications, navigation, fish, prawn 
and crab culture, and fishery marketing. 
Students include many sons of trawler 
owners who can be expected to bring 
their expertise back to family enterprises. 
Others will develop aquaculture on fam- 
ily coastal and inland plots. The Govern- 
ment also plans to recruit from the stu- 
dent body a cadre of trained specialists to 
expand its network of fishery projects. 
One likely by-product of the college will 
be improved technology for the post- 
harvest care of the catch. On average, a 
third is lost through spoilage. Looking 
ahead, improved technology and better 
preservation methods will work to extend 
the present range of the Thai fleet, and 
improve its ability to fish in international 
waters less fettered by EEZ’s. (Source: 
IFR-87/23:BB/PN.) 
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Publications 


Fisheries Research and 
Developments in Asia 


“The First Asian Fisheries Forum,” 
has been published by the Asian Fisheries 
Society, MC P.O. Box 1501, Makati, 
Metro Manila, Philippines, and was ed- 
ited by J. L. Maclean, L. B. Dizon, and 
L. V. Hosillos. The Forum, held in 1984 
in the Philippines, highlighted important 
regional fisheries developments in the 
last 40 years, and was large. The volume 
produced is also large, at 727 pages, but 
it well reflects the vast range of interests 
in the realm of Asia’s marine fisheries. 

The fisheries of Asia are important in 
and outside the region: Four of the top ten 
fish producing nations of the world are 
there; so are seven of the top ten shrimp 
producing nations. Fisheries research, as 
reflected in this huge volume, will no 
doubt help the industry to develop and 
grow. 

At the Forum, some 230 papers were 
presented, with some eventually pub- 
lished elsewhere, others withdrawn or 


not considered, and the remaining 167 
papers are published here. It begins with 
three Plenary Reviews: An overview of 
the fisheries and aquaculture industries in 
Asia by Chua Thia-Eng; new develop- 
ments in fish nutrition by Akio 
Kanazawa; and concepts that work: 
Some advances in tropical fisheries re- 
search by Daniel Pauly. 

The remainder of the contributions are 
divided into eight sessions: Aquaculture 
Systems, Biochemistry, Biology, (devel- 
opmental and general); Fish Health, Pol- 
lution and Toxicity (subdivided into bac- 
terial diseases, parasites, pollution, 
toxicity, viruses, and general studies cat- 
egories); Fisheries (subdivided into de- 
velopment and management, education, 
gear and methods, information, posthar- 
vest and marketing, and resource assess- 
ment categories); Nutrition and Feeding 
Habits; Physiology; and Reproduction. 

The first thing that strikes the reader is 


the breadth of scope of the contributions 
and the number of them. It makes an im- 
pressive reference which is priced in an 
effort to be available to many scientists in 
that part of the world. Many of the papers 
deal with tilapia and tilapia culture. 
Many others discuss various Asian 
shrimps and their culture, and problems 
associated with fish culture. Other arti- 
cles describe methods developed for cul- 
turing tridacnid clams from seed size to 
maturity in a natural environment; milk- 
fish, seabass, and oyster culture; and 
more. 

More specific biological studies in- 
clude gill development in the cichlid Ore- 
ochromis niloticus; early development 
stages of the red sea bream; ecology and 
biology of giant mantis shrimp; growth 
performance indices of 100 tilapia popu- 
lations; feeding ecology of Penaeus 
monodon, biology and culture of Ranina 
ranina Linnaeus (variously called the 
spanner, frog, or kona crab); and a report 
on ichthyoplankton studies in the south- 
ern Java Sea. 

The “Fish Health” section includes 
seven studies on bacterial diseases and 
five on pollution problems and its effects 
on various species; there are eight papers 
on parasite studies, including reviews of 
parasites of juvenile milkfish, parasites 
of the Nile tilapia in the Philippines; the 





Finding Environmental 
Data for the 
Chesapeake Bay 


Publication of bibliographies and data 
sets seems to be waning, at least in part 
due to cost factors and the hope that such 
items will be found in database searches, 
etc. Too often, though, many materials 
are unused or at least underutilized, espe- 
cially if not published or referenced in the 
formal literature. To remedy that situa- 
tion for the Chesapeake Bay region, the 
University of Maryland Sea Grant Col- 
lege Program has published the 
“Chesapeake Bay Environmental Data 
Directory,” compiled by Dan Jacobs, 
Daniel Haberman, David Smith, David 
Swartz, Elizabeth Sigel, and Michael 
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Adams, as a cooperative project with 
NOAA and the Virginia Sea Grant Col- 
lege Program. 

As Jacobs points out, much of that data 
is constantly collected through environ- 
mental satellites, oceanographic ships, 
weather stations, scientific studies, and 
management monitoring efforts, but lo- 
cating specific data is both difficult and 
costly. Says Jacobs, “Potentially valu- 
able data sets have gone unused because 
their existence is not widely known, they 
are poorly documented, or they are diffi- 
cult to obtain.” This new book, though, 
documents 826 sources of Chesapeake 
Bay environmental data, tells how and 
when they were collected, as well as in- 
formation on usage limitations, data 
quality, and where they are available. It 


contains 2,242 entries, a principle inves- 
tigator and contact organization index, 
and a key word index. 

Each summary provides enough infor- 
mation so researchers can decide whether 
a data set is relevant to a specific need. 
Data may be stored on paper, magnetic 
media, microfiche, charts, graphs, or 
maps, and as much information as possi- 
ble is given about availability, charges, 
and restrictions (if any) on use of the 
data. Included is data on fishes, water 
temperatures, currents, aquatic ecology, 
water quality, and much more. The 926- 
page volume is paperbound, costs $10, 
and is available from the University of 
Maryland Sea Grant Program, 1224 H.J. 
Patterson Hall, College Park, MD 
20742. 
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parasite fauna of seabass, Lates calcar- 
ifer, in Malaysia and Thailand; and a 
brief review of toxic dinoflagellates in 
Japan, along with other papers on toxic- 
ity studies, viral studies, etc. 

The theme of the Forum was 
“Traditional Practices and New Frontiers 
in Asian Fisheries,” and the volume re- 
flects that with papers on both current 
harvest and farming techniques and the 
latest developments in Asian fisheries re- 
search. The 727-page hardbound book 
has species and author indexes and lists 
Forum participants. Cost is US$40 (sur- 
face mail), US$60 (srmail in Asia), and 
US$64 (airmail elseYhere). 


LIVES OF THE 
DINOFLAGELLATES 


F. J. R. Taylor of the University of 
British Columbia has edited the new, 
large, and thorough Botanical Mono- 
graph 21 entitled “The Biology of Di- 
noflagellates,” which has been pub- 
lished by Blackwell Scientific 
Publications, Inc., 667 Lytton Avenue, 
Palo Alto, CA 94301. Claimed by both 
botanists and zoologists (as algae and 
protozoans, respectively), and with their 
nomenclature regulated by both the Inter- 
national Code of Botanical Nomenlacla- 
ture and the International Code of 
Zoological Nomenclature, the dinoflag- 
ellates are an interesting group for study. 
They also have a long fossil record of 
about 220 million years and, unfortu- 
nately, a few of them are highly toxic, 
and can make certain fishes very haz- 
ardous to eat (see Mar. Fish. Rev. 
48(4):1-59). 

This new volume, authored by interna- 
tionally recognized authorities, provides 
a comprehensive review of the biology 
and ecology of this group which will be 
an important reference work on them. 
About 2,000 living species and 2,000 
fossil species had been described by the 
late 1970’s and perhaps about half the 
living ones are photosynthetic. To avoid 
the “animal or plant” controversy, they 
may be referred to as “protists,” unicellu- 
lar eukaryotic organisms. 

Taylor himself provides an introduc- 
tory chapter on general group character- 
istics, special features of interest (such as 
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toxicity, luminescence, etc.), and a his- 
tory of dinoflagellate studies, as well as 
the chapter on dinoflagellate morphol- 
ogy. John D. Dodge then reviews general 
ultrastructure, updating his own 1971 
work, while C. Greuet reviews the com- 
plex organelles. Peter J. Rizzo then re- 
views the biochemical proper‘ies of the 
dinoflagellate nucleus and Barbara 
Prezelin discusses the photosynthetic ap- 
paratus and physiology of dinoflagel- 
lates. 

About half the dinoflagellates are obli- 
gate heterotrophs, and Gregory Gaines 
and Malte Elbrachter discuss hetero- 
trophic nutrition—types of heterotrophy, 
symbiosis, feeding organelles, and apo- 
chlorosis. Bioluminescence and circa- 
dian rhythms are reviewed by Beatrice 
M. Sweeney in Chapter 7 and then 
Yuzuru Shimizu presents a thorough dis- 
cussion of the toxins of Gonyaulax, 
Gymnodinium breve, Gambierdiscus 
toxicus, and those of other species. 
Dinoflagellate sterols are outlined by 
Nancy Withers while M. Levandowsky 
and Pamela J. Kaneta discuss dinoflagel- 
late behavior. 

Taylor then reviews general consider- 
ations on the ecology of dinoflagellates 
and discusses their ecology in marine 
ecosystems, while Utsa Pollingher re- 
views their ecology in freshwater ecosys- 
tems. Additional chapters discuss para- 
sitic dinoflagellates, dinoflagellates in 
nonparasitic symbioses, dinoflagellate 
reproduction, and dinoflagellate cysts in 
ancient and modern sediments. An ap- 
pendix is also provided by Taylor on tax- 
onomy, along with an outline classifica- 
tion of the living dinoflagellates. Each 
chapter carries extensive references, and 
the book has taxonomic and subject in- 
dexes. Hardbound, the 785-page volume 
is an impressive reference and is avail- 
able from the publisher at $180.00. 


How to Write and 
Present Technical Data 


“The Basics of Technical Communi- 
cating” by B. Edward Cain, an ACS Pro- 
fessional Reference Book, has been pub- 
lished by the American Chemical 
Society, 1155 Sixteenth Street, N.W., 
Washington, DC 20036, and it provides 


good and sound information for the sci- 
entist/writer. 

The book is divided into three parts. 
Part one on “Improving your technical 
communication skills,” has an introduc- 
tory chapter defining just what “technical 
communication” is. Chapter 2 quickly 
gets to the meat of the topic, specifically 
detailing how writers can eliminate 
wordiness and jargon and presenting ap- 
pendices of all-to-common phrases with 
unnecessary words, phrases which can 
(and should) be replaced by shorter 
words, tautologies, and “absolute” words 
that resist (or simply do not need) modifi- 
ers, such as “dead,” “extinct,” “rare,” 
“vertical,” and others. Chapter 3 reviews 
correct punctuation and chapter 4 makes 
some good points on selecting and using 
appropriate verbs. 

Part 2, “Assembling your report,” 
leads = prospective communicators 
through outlining, gathering data, docu- 
menting (with footnotes, endnotes, and 
bibliographies), abstract preparation, and 
proofreading (recommending that the au- 
thor read the proofs and a colleague read 
the paper). Chapter 10 provides sugges- 
tions on using computers and word pro- 
cessors to their best advantage. The au- 
thor even recommends “the old fashioned 
art of making notes” instead of wholesale 
photocopyins of a source (which may in- 
deed be illegal). 

The chapter on visual aids and graphic 
art is also excellent, pointing out com- 
mon pitfalls and showing authors how to 
present their data clearly and simply. 
Discussed are charts, diagrams, graphs, 
tables, and photographs, and the author 
warns against “chartjunk” or cluttering 
up visual aids with unnecessary gim- 
micks or shadings. 

Part 3 addresses the  scientist’s 
“Specific Needs,” beginning with direc- 
tions for preparing academic laboratory 
reports, industrial and business reports, 
grants, and proposals, and even business 
correspondence, resumes, memos, and 
short reports. Chapter 14, “Journal Publi- 
cation” provides useful advice for those 
wanting to publish a paper, ranging from 
deciding where to seek publication, what 
type of communication to submit (article, 
note, review, letter, etc.), determining 
the proper format, organizing the mate- 
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rial, and then explaining the review proc- 
ess for the prospective author. 

Communicating scientific thought and 
progress is not always easy, but this book 
should help smooth the road for potential 
authors. It presents important informa- 
tion in a clear, easy-to-read, straightfor- 
ward manner. The 198-page volume 
costs $29.95 (hardbound) in the U.S. and 
Canada and $35.95 elsewhere; paper- 
bound copies cost $19.94 in the U.S. and 
Canada and $23.95 elsewhere and is sold 
by the ACS Distribution Office, Dept. 
390 (address as above). 

Also published by the ACS is “Writing 
the Laboratory Notebook” by Howard 
M. Kanare which presents basic data on 
creating a proper record of their work 
studies and explains the role that a note- 
book should play in experiment plan- 
ning, observation, and analysis of data. 


Progress, Problems, and 
Potential in Aquaculture 


Review papers from the World Con- 
ference on Aquaculture, held in Venice, 
Italy, in 1981 have been published as 
“Realism in Aquaculture: Achieve- 
ments, Constraints, Perspectives” (ed- 
ited by Martin Bilio, Harald Rosenthal, 
and Carl J. Sindermann) by the European 
Aquaculture Society, Prinses Elisabeth- 
laan 69, B-8401 Bredene, Belgium. 
Most of the articles are reviews of the 
results of scientific research, though 
some summarize and evaluate practical 
experiences and public regulations, and 
others assess the potential for future 
aquaculture developments. And in sum, 
the papers do a fine job of addressing the 
rationale of the conference—to evaluate 
as comprehensively and effectively as 
possible aquaculture research efforts, de- 
velopmental trends, and commercial re- 
alization. 

The keynote lecture, by O. Kinne, pre- 
sents the views of a well-known ecologist 
on food production, ecological and other 
limitations on aquaculture, and his out- 
look on the future of aquaculture. That is 
followed by articles on the current status 
of aquaculture and developments in 
Japan and the Mediterranean region. In 
addition, recent advances in the culture 


of molluscs and crustaceans, seaweed 
culture, and the use and production of 
microalgae as a food in aquaculture are 
presented. Other articles discuss brine 
shrimp and other organisms as foods in 
aquaculture programs, aquaculture nutri- 
tion, control of fish reproduction, mass 
rearing of fish fry, species transfers and 
introductions and the problems involved, 
the role of pathology in aquaculture, ge- 
netic factors in aquaculture, and stress 
and behavior in the culture environment. 
Additional papers are presented on cul- 
ture system design and water quality 
criteria, application of aquaculture tech- 
nology, economic aspects of aquacul- 
ture, pertinent legislation and regulations 
in various nations, and product quality 
criteria and quality control. 

Unfortunately the volume is not in- 
dexed, for it presents some very good and 
authoritative reviews of important aqua- 
culture topics. The 585-page paperbound 
volume is available from the Society 
(price not listed). 

The Society’s Special Publication 9 is 
“Pathology in Marine Aquaculture,” 
edited by C. P. Vivares, J. R. Bonami, 
and E. Jaspers, and it constitutes the Pro- 
ceedings of the First International Collo- 
quium on Pathology in Marine Aquacul- 
ture held in 1984 in Montpellier, France. 

The Proceedings is published in five 
parts: 1) Ecopathology (with articles on 
epidemiology, the influence of environ- 
mental factors on certain diseases, and 
the parasitofauna of the hosts), 
2) Parasitic diseases (those maladies 
caused by protozoans, helminths, and 
crustaceans), 3) Infectious diseases 
(with papers on fungal, bacterial, and 
viral diseases), 4) Tumors, and 
5) Immunology, Prophylaxis, and Ther- 
apy. A number of the papers are in 
French, but all include abstracts in both 
French and English. 

Some papers of interest include a case 
history of the Bonamia ostreae control in 
the Dutch oyster culture, a summary and 
analysis of epidemiological knowledge 
on bivalve mollusks, a review of prob- 
lems involved in research on protozoan 
parasites of marine fishes, aspects of the 
feeding behavior of Carcinonemertes er- 
rans (an egg predator of the dungeness 


crab), histopathological effects of certain 
coccidia infesting certain Mediterranean 
fishes, viral infections in the crab Carci- 
nus mediterraneus , and molecular biol- 
ogy of fish lymphocystis disease virus. 
Others relate aspects of ecology and his- 
tochemistry of rodlet cells of teleosts, re- 
view bacterial problems in oysters, re- 
view fungal diseases in marine 
invertebrates, and discuss organ distribu- 
tion and morphology of antibody produc- 
ing cells in Sebastiscus marmoratus , ex- 
amples of neoplasia or neoplastic-like 
conditions in marine fishes from the Reg- 
istry of Pathology at the Fish Diseases 
Laboratory in Weymouth, and more. The 
428-page paperbound volume is avail- 
able from the Society (price not listed). 


The Design and Use of 


Small-Scale Fishing Gear 

The second edition of the FAO’s 
“Catalogue of Small-Scale Fishing 
Gear” has been released by Fishing 
News Books Ltd., 1 Long Garden Walk, 
Farnham, Surrey, England, GU9 7HX. 
The book is edited by C. Nedelec, and 
was revised and enlarged by J. Prado. In 
format it is like the first edition, consist- 
ing primarily of gear designs and specifi- 
cations, and indicating the uses of each 
pattern. The few pages of text are pub- 
lished in parallel in English, French, and 
Spanish. 

The categories of gears included are: 
Surrounding nets, seine nets, trawls, 
dredges, liftnets, falling gear, gillnets, 
driftnets, traps, hooks-and-lines, and 
scoop-nets. This new second edition has 
added such new gear designs as a driftnet 
for shark (from Ghana), an elver scoop- 
net (from France), an Icelandic cod gill- 
net, and a Moroccan cockle dredge. 

As with the original edition, the book 
covers a representative selection of the 
primary types of gears which are made, 
often, from such conventional materials 
as nets, ropes, and lines and which have 
proven profitable in commercial fisheries 
that operate from shore or from small 
boats of about 15 m length and with en- 
gines of up to 150 horsepower, and in 
nearshore or inland waters. This new edi- 
tion stresses practical construction of the 
gear and its operation, utilizing drawings 
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or photos showing the layout and the boat 
and how it is maneuvered during fishing. 

Also published are many useful tables 
and appendixes on equivalenis and con- 
versions, trade names of synthetic fibers, 
examples of common netting yarns, cut- 
ting rates and taper ratio, hanging ratio, 
and a glossary of gear terminology in all 
three languages, plus a guide to the ab- 
breviations used for the gear designs. 

Very well illustrated, the 224-page 
hardbound volume is available from the 
publisher for £16.00 or in North America 
from Bernan-Unipub, 4711-Assembly 
Drive, Lanham, MD, 20840 for 
$25.25, and it will continue to be an ex- 
cellent reference for students, fishermen, 
educators, and others involved with fish- 
ing gear. 


THE CARE AND 
REPAIR OF NETS 


An updated second edition of the 
FAO’s “Mending of Fishing Nets” by 
L. Libert, A. Maucorps, and L. Innes has 
been published by Fishing News Books 
Ltd., 1 Long Garden Walk, Farnham, 
Surrey, GU9 7HX, England. The origi- 
nal edition was a translation of a French 
handbook, and this new edition is much 
enhanced by a new chapter by Leslie 
Innes, a gear technologist from Fraser- 
burgh, Scotland, which describes some 
of the specialized net repairs and tech- 
niques developed more recently ashore 
and on commercial fishing vessels. 

As with the original, this edition is 
very well illustrated with 106 figures and 
begins by introducing the basic concepts 
and definitions and the materials utilized. 
Cutting, braiding, making single knots 
and meshes, inserting patches, and other 
net mending techniques are thoroughly 
described, and there is a chapter on notes 
on the making and mounting of net sec- 
tions. The final chapter, specialized re- 
pairs on different nets, introduces com- 
mercial practices and describes repairs to 
gillnets, purse seines, trawls, and knot- 
less nets. Techniques for quick repairs or 
net section repiacement are also related. 
This very practical handbook is available 
from the publisher or, in the United 
States, from Bernan-Unipub, 461 1-F As- 
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sembly Drive, Lanham, MD 20706-4391 
for $24.00. In the United Kingdom, the 
price is £9.50. 


The Movements and 
Migration of Fishes 


“Mechanisms of Migration in 
Fishes,” edited by James D. McCleave, 
Geoffrey P. Arnold, Julian J. Dodson, 
and William H. Neill, has been published 
by Plenum Publishing Corporation, 233 
Spring Street, New York, NY 10013, as 
volume 14 in their NATO Conference 
Series IV: Marine Sciences. 

The volume is divided into four pri- 
mary sections: Migration in the open 
ocean, migration in coastal and estuarine 
waters, migration in rivers, and other 
“special” topics. A final chapter by 
McCleave, F. R. Harden Jones, W. C. 
Leggett, and T. G. Northcote summa- 
rizes various aspects of fish migration 
studies and makes several recommenda- 
tions for future research on open-ocean, 
coastal, and riverine migration. Addi- 
tionally, though, other authors in this 
volume have also proposed specific, 
testable hypotheses for additional re- 
search in their selected lines of research. 

Considerable strides have been made 
in recent years in fish migration studies 
and in this volume, specialists from 10 
North American and European nations 
present reviews, reports, and even some 
speculative views, on the mechanisms of 
migration in rivers and estuaries, on con- 
tinental shelves, and in the oceans. 
Mechanisms discussed range from pas- 
sive drift on water currents to behav- 
iorally modulated drift, and active, 
oriented swimming. Orientation mecha- 
nisms considered include the responses 
of fish to temperature, food supplies, 
tides or ocean swell, and the earth’s mag- 
netic field. In addition, there is an inter- 
esting paper by H. G. Wallroff which 
reviews various long-distance orientation 
and migration mechanisms observed for 
birds and suggests that similar mecha- 
nisms of migratory orientation may be 
utilized by fishes, at least in cases where 
both classes refer to similar environmen- 
tal clues. 

Some topics of interest include the in- 


fluence of stock origin on salmon migra- 
tory behavior, drift migrations of larval 
fishes in the ocean, the role of behavioral 
enviroregulation in fish migration, 
whether or how fish use inertial clues 
during migration, and magnetic sensitiv- 
ity in the yellowfin tuna. Other papers 
provide a look at migration in coral reef 
fishes, northern Atlantic cod, and 
estuarine-dependent fish larvae and juve- 
niles. Also discussed is migration and 
learning in fishes, modeling of migratory 
behavior, bioenergetic considerations in 
fish migrations, and measuring physical- 
oceanographic features relevant to fish 
migration. Mechanisms of fish migration 
in rivers are reviewed, while other papers 
treat homing and straying in Pacific 
salmon, chemical cues in salmonid hom- 
ing, and physiological and behavioral de- 
terminants of chemosensory orientation. 
In sum, this is an excellent and thought- 
ful synthesis of current knowledge and 
work in the field which also proposes 
some speculative but perhaps useful av- 
enues for future studies. The 574-page 
hardbound volume is available from the 
publisher at $95. 


Reproduction, Biology, 
and Culture of Milkfish 


The milkfish, Chanos chanos, is an 
important species which has been cul- 
tured in Asia for centuries and remains a 
very important source of protein. Tradi- 
tionally, however, the industry has de- 
pended on stocking of farm ponds with 
fingerlings reared from wild-caught fry. 
Considerable research on the species is 
reflected in two recent volumes produced 
by the Oceanic Institute, Makapuu Point, 
Waimanalo, HI 96795, and sponsored by 
the U.S. Agency for International Devel- 
opment, Washington, D.C. 

The first is “Aquaculture of Milkfish 
(Chanos chanos ): State of the Art,” ed- 
ited by Cheng-Sheng Lee, Malcolm S. 
Gordon, and Wade O. Watanabe. Writ- 
ten primarily for a more general audi- 
ence, it presents chapters written by 
milkfish experts who have worked with 
the species for many years. Each of the 
chapters was refereed and revised prior to 
final editing. The result is a thorough and 
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comprehensive 284-page volume that 
discusses milkfish biology, genetic varia- 
tion within the species, reproduction, the 
traditional milkfish industry (including 
fry capture, distribution, rearing, and 
growth of the fish to market size). De- 
scriptions are given of culture practices in 
different nations, including aspects of 
pond design and management, nutrition, 
and a review of common diseases, and 
economics of milkfish culture. A final 
summary chapter also suggests directions 
for future research. 

The second book, copublished by the 
Tungkang Marine Laboratory in Taiwan 
and the Oceanic Institute, is “Re- 
production and Culture of Milkfish,” 
edited by Cheng-Sheng Lee and I-Chiu 
Liao. Also sponsored by AID, it consti- 
tutes the proceedings of a workshop held 
at the laboratory in April 1985, and it 
specifically addresses current knowledge 
on milkfish reproduction and the research 
being done to improve spawning tech- 
niques in its 226 pages. 

Topics reviewed include methods for 
exogenous hormone administration, 
techniques for induced spawning in fin- 
fish developed since 1983, current tech- 
nology of induced breeding of milkfish, 
environmental factors affecting fish (es- 
pecially milkfish) reproduction, nutri- 
tional factors in fish reproduction, tech- 
niques of larval rearing used in Japan, 
population structure of milkfish in the 
Pacific, Philippine milkfish farming and 
research, Taiwanese milkfish culture 
methods and broodstock management 
strategy, traditional milkfish culture 
methods, deep-water culture systems, 
and a procedure for implanting a slow 
hormone-releasing cholesterol _ pellet. 
The volumes are both paperbound 
(source and price not listed). 


Caribbean Invertebrates 
and Baja Marine Species 


Publication of “A Field Guide to 
Caribbean Reef Invertebrates” by 
Nancy Sefton and Steven K. Webster has 
been announced by Sea Challengers, 4 


Somerset Rise, Monterey, CA 93940. 
This colorful handbook is a special publi- 
cation of the Monterey Bay Aquarium 
Foundation and provides color photos of 
about 200 of the most common and ob- 
servable invertebrates (plus 14 algae and 
2 seed plants) of the Caribbean region. 
Also included are data on the specific 
habitats where the species are found, 
along with information on their natural 
history. Where possible, the creatures 
have been identified to the species level. 
A glossary will be helpful for nonscien- 
tists. 

The authors begin with a discussion of 
the coral reefs of the Caribbean Sea and 
the region’s geology, and then discuss 
reef structure and zonation, and growth, 
reproduction, and nutrition of corals. 
That is followed by introductory infor- 
mation on each of the major invertebrate 
phyla: Porifera, coelenterata, cteno- 
phora, bryozoa (ectoprocta), annelida, 
platyhelminthes, arthropoda, mollusca, 
echinodermata, chordata (tunicates), and 
members of the plant community—red, 
green, and brown algae, and the seed 
plants. 

That section is followed by full-color 
photographs of the individual species 
themselves and a brief notations on their 
identification and natural history. The 
photographs are exceilent and the manual 
should be of interest and use to those 
scuba diving or working in Caribbean 
marine environments with coral reefs. In- 
dexed, the 112-page volume is sold by 
the publisher for $19.95. 

In addition, Sea Challengers has pro- 
duced the second edition of “Marine An- 
imals of Baja California,” subtitled “A 
Guide to the Common Fishes and Inver- 
tebrates,” and authored by Daniel W. 
Gotshall. The volume describes 150 spe- 
cies of fish and 65 species of inverte- 
brates commonly found in the shallow 
waters of the Baja California peninsula 
and Islas de Revillagigedo. It would also 
be useful for identifying shallow water 
fishes along much of the coast of Central 
America and the Islas de Galapago. 
Fishes excluded are the tiny ones like go- 
bies, tube blennies, and clingfish that are 


not often encountered by sport divers. 
The author again stresses the use of the 
color plates and the pictorial keys to iden- 
tify the fishes and invertebrates. The il- 
lustrations are excellent, and data is pro- 
vided on their maximum known size, 
habitat, geographic range, plus identify- 
ing characters that are usually noted 
while underwater. Families added to this 
second edition include the requiem 
sharks, machetes, herrings, needlefishes, 
pipefishes and seahorses, and mullets. A 
bibliography is provided for those want- 
ing further information on fishes of that 
area. Indexed, the 112-page paperbound 
volume is available for $17.95 plus $1.85 


shipping. 


Ocean Disposal and 
Marine Pollution 


Selected papers from the sixth interna- 
tional Ocean Disposal Symposium, ed- 
ited by Douglas A. Wolfe of NOAA’s 
National Ocean Service, have been pub- 
lished as “Plastics in the Sea,” a special 
issue of the Marine Pollution Bulletin, 
18(6B):303-365, by Pergamon Press, 
Headington Hill Hall, Oxford OX3 
OBW, England. Publication price is 
DM20.00 or U.S.$10.00 in the Americas 
and £5.00 in the United Kingdom. The 
symposium was held at the Asilomar 
Conference Center, Pacific Grove, 
Calif., on 21-25 April 1986. 

Contributions provide a very handy re- 
view of the effects of litter pollution from 
ships on such marine species as sea tur- 
tles, albatrosses and shearwaters, seals, 
gannets, and others. Discussed are the 
sources, quantities, and distribution of 
persistent plastics in the seas, patterns in 
the abundance of pelagic plastic and tar 
in the North Pacific, biological effects of 
lost and discarded plastic debris, and lit- 
ter pollution from ships in the German 
Bight. The problem is international in 
scope and two of the papers address po- 
tential remedies (i.e., legal strategies for 
international action). Indexed by author 
and subject, the issue is available from 
the publisher. 


Marine Fisheries Review 





the Marine Fisheries Review 


The Marine Fisheries Review publishes 
review articles, original research reports, 
Significant progress reports, technical 
notes, and news articles on fisheries sci- 
ence, engivzering, and economics, com- 
mercial and recreational fisheries, marine 
mammal studies, aquaculture, and U.S. and 
foreign fisheries developments. Emphasis, 
however, is on in-depth review articles and 
practical or applied aspects of marine 
fisheries rather than pure research. 

Preferred paper length ranges from 4 to 12 
printed pages (about 10-40 manuscript 
pages), although shorter and longer papers 
are sometimes accepted. Papers are nor- 
mally printed within 4-6 months of accep- 
tance. Publication is hastened when manu- 
scripts conform to the following recom- 
mended guidelines. 


The Manuscript 


Submission of a manuscript to Marine 
Fisheries Review implies that the manu- 
script is the author’s own work, has not been 
submitted for publication elsewhere, and is 
ready for publication as submitted. Com- 
merce Department personnel should submit 
papers. under a completed NOAA Form 
25-700. 

Manuscripts must be typed (double- 
spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have 1%-inch margins on all 
sides. Running heads are not used. An 
“Acknowledgments” section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 


Editorial Guidelines for 


double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, the Marine Fisheries Review fol- 
lows the “U.S. Government Printing Office 
Style Manual.” Fish names follow the 
American Fisheries Society’s Special Pub- 
lication No. 12, “A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,” fourth edition, 1980. 
The “Merriam-Webster Third New Interna- 
tional Dictionary” is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (un- 
derscored). Dates should be written as 3 
November 1976. In text, literature is cited as 
Lynn and Reid (1968) or as (Lynn and Reid, 
1968). Common abbreviations and symbols 
such as mm, m, g, ml, mg, and °C (without 
periods) may be used with numerals. Mea- 
surements are preferred in metric units; 
other equivalent units (i.e., fathoms, °F) 
may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 


Literature Cited 


Title the list of references “Literature 
Cited” and include only published works or 
those actually in press. Citations must con- 
tain tiie complete title of the work, inclusive 
pagination, full journal title, and the year, 
month, volume, and issue numbers of the 
publication. Unpublished reports or manu- 
scripts and personal communications must 
be footnoted. Include the title, author, pagi- 
nation of the manuscript or report, and the 
address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator. 


Citations should be double-spaced and 
listed alphabetically by the senior author’s 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1969a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its 
accuracy. 


Fi 

All figures should be clearly identified 
with the author’s name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8 x 
10 inches, sharply focused glossies of strong 
contrast. Potential cover photos are wel- 
come, but their return cannot be guaranteed. 
Magnification listed for photomicrographs 
must match the figure submitted (a scale bar 
may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that could fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and 
appearance before submission. Mail the 
manuscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 7600 Sand Point Way 
N.E., Bin C15700, Seattle, WA 98115. 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 50 
free copies are supplied to his organization. 
Cost estimates for additional reprints can be 
supplied upon request. 





UNITED STATES 
DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
NATIONAL MARINE FISHERIES SERVICE 
SCIENTIFIC PUBLICATIONS OFFICE 
BIN C15700 
SEATTLE, WA. 98115 


OFFICIAL BUSINESS 
Penalty for Private Use, $300 


Second-Class Mail 
Postage and Fees Paid 
U.S. Department of Commerce 
ISSN 0090-1830 


UNIV MICROFILMS INTERNAT. M 
300 N. ZEEB ROAD 

ARBOR, MI 48106 _— 
ATT: SER. ACQUISITIONS : 








